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NAT Ar F beats of Naku: 
ral Things and thei? Phenomena. © 


—_— zrinition f. and II. 


| Natural hings are all Bodies : And the Mem: — 
or Syſtem of fr it on the Vuiverſe. | 
Ji Sina e 


L Mathematical Elemente — Book J. 


Dariani. . N 
— Bud * ſas nd 
5 5, not imme 

en the AF imeligene Being ; and whi 
F 


m 
We do not exclude out of the number of Natu- 
ral Phenomena; thoſe which happen in Gur Bodies 
by our Will; for they are produced by the Mo- 
tion of our Muſcles, and their Action depend; 
upon another Motion: In theſe, there is only that 


Motion * — — from the immediate A &ion 


of theNind, and f irie) wikathwnrto ws, whic 
© 8 2 Natural Pliznorfienoh. © © -* ; 
All theſe Motions are performed by certain 
Rules, and always ſubjełt to the fame Laws. 
The Sun riſes and ſets daily; and the Time o 
his Riſing and Setting may always be determined, 
according to the Time of the Year, and Latitude 
of the Place. Plants of the ſame Kind, under tb 
ſame Circumſtances, ate always produced and 
grow in the ſame manner: And fo in other Caſes 
WM even in thoſe things which appear to u 
wholly fortuitous and uncertain, crtamn Rules ar: 
vithout doubt obſerved; 
Natural Philoſophy explains Natural Phenomena 
that is, gives an accoutit of their Cauſes. 
In inquiting after thoſe Cauſes, BOD Y i 
Fel is to be examined; aud then the Rule 
- which the Creator has eſtabliſhed, according tc 
which, Motions are to be performed. "Thek 
Rules are called Laws of Nature. . 


DEN NITIO&R * | 

A Law of Nature then is, the Rule and Lov 
* to which God reſolved ** certain Motin 
foould a „ HF Ts, i BF Cafes and 


py & = on 


Book I. of Natural Philoſophy. 3 
Every Law does immediately depend upon the 
Will of God. 2 
Alſo in reſpect to us, we call a Law of Nature, 
every Effect which in all Occaſions is produced 
after the ſame manner; although its Cauſe is un- 
known to us, and we do not ſee that it flows from 
any Law known to us. 5 8055 
For we make no difference between. à thing 
which immediately depends upon the Will of 
God, and what it produces by the Intermediation 
of a Cauſe of which we have no Idea. 
The Laws of Nature are only deduced from an 
Examination of Natural Phænomena. 
By help of the Laws thus diſcovered, other 
In order to find out the Laws of Nature, 
ks Mews following Rules are to be ob- 
erv | Ne Pellet 


by WU omg — 


We — 3 
RU IlE I. e 


„ 


— 


Wi are not to admit more Cauſes of Natural 
than ſuch as are true, and ſufficient for explaining 
„ 


2 


| Ruin II. 85 M28 1 1 98 
„en dun rue © 
. 5 155 „ et no 48 
Sach Qualities of Bodies, whoſe Virtue cannot 7 

be encreaſed and diminiſhed, and: which belong 
to all Bodies upon which Experiments may 
mage, vault be looked. yp0p.48 Fg ties of aul 


>” AY 
. 


" nn Element: 2 . 


ig 0 H A p. u. 
4 1 i of B 0 D 7 in General. - 
8 THAT we firſt conſider in Body i is By 


tenſion. 

What is meant by- Extenſi Joh, 40 body is igno- 
rant of. Its Idea is moſt ſimple, and almoſt al- 
ways obvious to our Mind; from whetice it is 
225 intelligible, t tho' 2 2 want Words to deſcribe 
E. 4 "IG 
Every Body has: Extengon; J : Withour Extenſion 
het j is n uch thing as Body. And yer all that 
has Extenſion is not al ways à Body, although it 
” inipoſiBle to determine how Body differs from 
"meet Space; unleſs the other Properties of « « Bo: 
; „be laid afide. 
he 4 Thing to be examined in Bod is 

having no Power to remove it ſelf, 
will ryan. tx ug every other Body from 
the Place poſſeſſed by it ; and the. moſt fluid, as 
= * the * Pogirs, 7 this Property. 
10 = E hir roperty 0 is D ility;. be- 
* "caſe if 4 Body be” extended," is is ail ele dle 
for you may always conceive one Extenſion lefs 
0 From whence we. ſee, that there 


"oo @© =D og es oo td 


V3 RAM Extenſions ; Which Parts in a Bo- 
5 Pap 8 e ſeparated from each other: Becauſe 
11 1; F Body hath a Fontth Property, that is, that it 
be artied from one Place to another; Whence 
| it. 15 Lad to be Moveable. 


All Obſtacles being . a Body views 
to the leaſt Blow : Nevertheleſs there is a greater 
Force required to move a Body with a greater 

Celerity than with a Jeſs, as alſo to move 2 

than a ſmaller Body, allowing their Ve- 
| SHY be equal, Thet® is alſo a greater Force 
: required 


- 


Book l. of Natural Pbilgſeplßr. 3 


required. in the ſame Caſe to ſtop the Velocity of 
I (düitzkerent Bodies in Motion. Hence it is; that Bo- 
5 dies at reſt and Bodies in motion endeavour to 
1 conginne in their State. 
This ariſes from the Inactivity of Matter, (Iner- 
tia). which in all Bodies is ever proportionable to 
their Quantity of Matter, becauſe it equally be- 
longs to all the Particles of Matter. 5 
All Bodies have ſome Figure; whence Figura- 
bility (that is, to be of ſome Shape or Figure) is 
commonily eſteemed one of the eſſential Proper- 
1425 N ſeems rather to be deri- 
ved tom other Properties. 5 
Is Body be divided n every ſide, and thoſe 
Parts removed ; what remains in the middle is 
terminated on every Part, and conſequently has a 


having different Figures; becauſe it may. be divi- 
ded.ihto Parts, and thoſe Parts placed in different 
Order in reſpect to each other. Neither does it 
ieh A Contradiction to ſay, that a Body that 
hould,.have..uo Figure, would be an infinite 
NN N We 112 are 
__— 2 >. Fa + 82 0 3 N WY. | Ny ee Et 4 
e Faculty. 
ER the r (ſo often handled by 
te Eearhed) concerning a Vacuum, is to be 
conſidered Hamely, Whether there be an Exten- 


- 


called a "Vacyrin, an Emprineſs, or meer Space. © 
Thar 4 or — ys or is * from 
Fbendnsenu : this Propoſition therefore ſhall be 
bereater nere fully treated o. b 
Toe Polfibility of a Vacuum appears from the 


onceive to be poſſible, may exiſt. 


B 3 The 


12 


certain, Figure. The ſame Body is capable of 


13 


fon "vofg"of all Matter; for chis Extenſion is 


bare Examination of Ideas. For whatever we 


— 


6 Mathematical Elements Bock l. 
The Queſtion therefore amounts to this, viz. 
Whether we have an Idea of an Extenſion that is 
__—_—_— ae Ga: ts 
We acquire an Idea of Solidity by the Touch: 


We feel that ſome Bodies refiſt us; and indeed 


| | 1+ 


thoſe Bodies reſiſt us every Moment, that hinder 
us from deſcending to the loweſt Places: From 
which Reſiſtance it appears, that a Body excludes 
every other Body from the Place which itſelf 
takes up; that is, it appears that a Body is fo- 
lid; which Idea of Solidity we transfer to thoſe 
more ſubtle Bodies, which, by reaſon of the 
Smallneſs of their Parts, eſcape our Senſes ; and 
we find by Experience, that even thoſe xeſiſt o- 
ther Bodies, as well as the hardeſt. 


© Experiment.) Tu Air in which we live, does 


almoſt always eſcape our Sight and Touch; yet in 
2 Syringe, that is cloſe ſhur at the End, it refit 


the Piſton, ſo that it can be puſh'd to the bottom 
of the Syringe by no fore. 
The Idea of Solidity is not indeed cbntained 
in the Idea of Extenſion; that only follows from 
Contact, but this may be had without it; for if 
a Man had never touch d a Body, he would have 
no Notion of Soliditry 
Let any one obſerve an Image projected in the 
Air, or repreſented between a>congave+-Mirrout 
and the Object; ſuch an Image does not reſiſt, 
and yet it ſeems to be a Body as denſe as the Ob- 
ject itſelf; for the Colours may appear more vivid 
in the Image than in the Object itſelf: I a Man 
had never. ſeen any 12 11 elſe but ſuch-Images, 
and his own Body was like ſuch an Image, could 


he have any Idea of Solidity? It does net ap- 


pear that he could; and yer he would certain 
have an Idea of Extenſi aan. 
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Bock I. of Natural hilooply. - 
As wit are here diſputing of Ideas, we ſhall 
not conſider what the abpye-mentianed Image i is; 


it is enough that there is ſuch a thing. 


All the Difference between Space and Body: 15 
does not conſiſt in a Pri vation of Solidity. 

That Space is. inſinite, and can be — by 
no Limits, is plain to any one that attentiveſy 
conſiders it. | 

We plainly ſee that Space has Parts, but they 
cannot be ſeparated from one another, being i im- 
moveable as Space itſell. 

The Idea of Space is vety Gwple ; that of Bo- 
dy i is more complex, it may be moved, its Parts 
cs, . met what is finite is cally: con- 


"Sobdity is by ſome cad Jnpemtrabiliny; and; 16 
they endeavour! to. deduce it from the nature of = 
Extenfion.; For Example, one cannot add one 
cubic Fhot of Extenſion to another cubic Foot of 
ExtenGion,; without having two cubic Feet; for 
each af them has all that is required 2 conſtitute 
that Magnirude : therefore one part of Space er- 
dudes all others, aud cannot admit them. 
Anſiuer. This is all true, becauſe the Hurts of 
3 are immoveable; but it would be falſe, if 
that it would imply a Contradicton, 
to — > ons patt of Space conveyed to another 
Place: And-the follows- only Hom 0 


tbe Di l infinitum - 1 and 
ome Sultility rte E Mater. 
HE Extenfion of x Body impties i its Divi: 
3 22 r o 3 x Parts 


B 4 | 
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et the Diviſibility of Body differs from the 


Diviſibility of Extenſion; for its Parts may be 
ſeparated from one another. But as this Proper- 
ty depends upon Extenſion, it muſt be examined 
under the Conſideration of Extenſion. And then 
we may eaſily transfer to Body what is demon- 
ſtrated t. 2 20 ae Win 


Body is diviſible in infizitum; that is, you can · 


not conceive any part of its Extenſion ever ſo 
ſmall, but that ſtill there may be a ſmaller. 


Let there be a Line A D perpendicular to B F, 


(Plate I. Rg. 1.) and 'atiother as GH: ata-ſmall 


diſtance from A, alſo perpendicular to the ſame 


Eine: with the Centers C; C, C, &r. and Di- 
ſtances CA, C A, Cg. deſcribe Circles cutting 


the Line & H in the Points e, e, Ur. The greater 


the Radius A O is, the leſs is the Eart G: the 
Radius may be augmented ix infinitum, and there - 
fore che Part e G may be diminiſh'd 1nothe ſame 
manner; and yet 4t dan never be reduced to No- 
thing, becauſe the Cirele can never coincide with 
the Right Line BH. 
Therefore the Parts of any Magnitude may be 
diminiſſi'd in infinitam, and there is no end of ſuch 


ö 
E F hk 4 p " % 
322413 38 21.44 * 
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The ſame thing may be proved by a great ma- 
ny other Mathematical Demonſtrations. 
The chief Objections are. That an Infinite 
canyot be contained byta Finite; That it fol- 
lows from a Diviſibility in inſiaitum, tliat all Bo- 
dies are equal, or, that one Infinite is greater 
de er 4 5 5 Fi * 6 
\. But theſe are Y:antwer d; to an in ni 
may be attributed the Rel Akgire god 
determined Quantity, Who has ever proved 
chat there could not be an infinite; number of 
Parts infinitely pr in a finite Quantity ; or that 
. 


darts inn . finite ty; 
all Infinites are ? The contrary is demon- 
4% EE 8 . : 3's Q p - . p ſtrated 


es 


—— — a 


dock l/ Narurol-Philoſaphy. 9 


= hy Mathematicians in indumerable In- 
ces. 

here are alſq other Objections propoſed, ſup- 
poling that we 5 an actual Diyiſion of a Body 
into an infinite number of Parts ſeparated from 
one another. We .peither defend nor conceiye 
ſuch -a Diviſion: we have demonſtrated, 
however ſmall a Body i is, it may {ill he farther, 
divided; and upon that account: we believe that 
we may "call that a Diviſion in infinitum, mo 
what, has no Limits, is call'd infinite: 

There are no ſuch things as Parts infinitely, 
ſmall ; but yet the Subtility of the Particles of 
ſeveral Bodies ſuch, that. they very much ſur- 

pals gur e - and there are 

pee in Natute of ſuch Parts that are actually 

e 715 me another, Ap 
as proved it by ſeveral Arguments. 
99 555 of a filken n Thread 00 * long, 

igh'd þut two Grains and a half. 

2 Aetlüred Leaf. Gold, and foun by weigh: 
— it, that 50 ſquare Inches weigh'd but one 
Grain : 
200 Parts, the Eye may diſtinguiſh them all; 
therefore there are in one © me Inch; 4goon vi 
ſible Parts; and in one Grain. of Gold therę are 
two Millions of ſuch Parts; 
no one will 1. — to . kater — = i 
whole Qunce of Silver ma t / wit 
rr rains of Gold, which 1 Sarda drawn 
oro. a Vi thirteen, Thouſand Foot long. 
n odoriferous Bodies we can ſill perceive a 
RA, Subtility of 'Parts, and which are ſepara- 
9 1 from one another; ſeveral Bodies arce-loſe 

y ſenſible. Part, of their Weight in a long time, 
pd. y yet continually fill a very large Fac, Wich 

oxifetous Particles: Whoever will 


Pains to wn Calculations concerning thoſe Tub- 


that 


numerable 
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If the Lepgth, of an Inch be divided into 


which viſible Parts 
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1 tile 
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ned 
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W Adin n 
tile Bflwviaz will find the number of Parts to be 


25 "By kelp Help of Microſcopes ſuell Objects as oj 
otherwiſe eſcape our Siglir appear very large: 
There are ſome ſmall Animals ſcarce viſible with 

the beſt Mieroſeopes; aud yet theſe have all the 

Parts neceſſary for” Life, Blood, and other Li- 

quors: Ho wonderful muſt the Subtility of 

thoſe Particles be which make up ſach Fluids! 

Me cannot end this Chapter more aptly than 

6 by the following Ydeorem, which is eaſily de- 

ol . of 


\ 


740 5 Turok M. 


6 Ax r Patrice of Matter, how ſmall "IVY 


and any finite Space, how large ſoever, being gi- 
ven; it is poſſible that ſmall Sand, or Particle of 


and ſhall fill it in fuch manner that there ſhall be 


no Pore in it, whoſe 1 e 
0 ven Line. 9 * 


a b N 
141 3 . rn 5 1 * 3 5 N 6 be 1 
211411 2 * 14. * . . „ vs > 


X Bodies ae ate Peter red our 
IN En conſiſt of very mall ied by, 'one 
. of which is indiviſible in eu; but all of them 
are in reſpect to us: For Al the 1 1 we can 
"a is only 2 nels OE Lhe. pes 
When 8 gf go RE 00] aired 2 
a Divi Body is ſaid Wie ve 
"+ 27 1.75 mdre e 
. 4h 4 Body 17 158% 15 


71 But 


— 


8 Matter, mall be diffuſed thro" all that great Space, 
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be But this great and leffer Force in the common 
| Signification, determine nothing; for à Body that 
uld is Hard in reſpect to one Man, ſeems Soft to 


another. 
Darfxrrien I. 


A Body is (aid to be Hard in 4 Philoſophical 
Senſe, when its Parts mutually cohere, and do not at 23 
al yield inwards, ſo. as wee to be fabia to any Motion 
in ae to each other, without a the Bod. 


Dzrinir10N 3 


wry Body is ſaid to be $f in a Philoſophical 
Senſe, when its Parts yield inwards, aud ſlip in upon 29 
one another, even tho it may require. a Blow with a 
Hammer 10 dn it 


Dzrinirion II. 


A Body whoſe Parts yield to am Impreſſion and by 59 
_—— 9 9 to each other, ts 
a Fl 


. All theſe Things depend upon the Coheſion of 
— the cloſer à Body is, the nume it . 
es to perfect Hardneſs. 
* the Hardneſs of the ſmalleſt Parts does not 
differ from their Solidity; it is an eſſential Pro- 
petty of a Body, which is no more to be ex- 


1 than why's Body is emended ofs Mind 
824 

Mett know whetlicr al Bodies conſiſt of 
Parts that are equal and alike: - And there are 
alſo ſeveral things very difficult in relation to the 
Cauſe of the Coheffon of the ſmall Parts of Bodies. 

The Laws of Nature, which are admitted here, 
ate deduced from Nhu⁰ eng. 1 

It s a particular Law of Coheſion, that all we 32 
Fart Have an areroBiive Fr. 


a — 


Di- 
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. Dzs INITION. IV. 
- By the ra Attraction 1 underſtand, —_— Bree 


perhaps it may happen by Impulſe. 
That it is very great in the very Contatt of the Parts; 


and that it ſuddenly; decreaſes, inſomuch that it alis no 
= more at the leaſt ſenſible Diftance, na, at a greater 


the Particles fly-from ench other. 


very eaſily explained; and that Attraction and 
Repulſion is fully proved by a vaſt number of 
Chymical Experiments: That there is ſuch a thing, 


—— — - — < ——- — zug - - 
— — on. — 1 
F * n * * ; n * N 1 Y 
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the Parts attratt one another, 'from the Spherical 
Figure that the Drops always have; and alſo be- 


| —_ in Mercury i it 1 


"Experiment, 2 3 B 8 x » his m date Acrfion of 
Particles is much be becauſe in all 
Liquids,'two Drops, as oo —_ B (Plate I. Fig. 2. 
as ſoon as they touch one another ever ſo little, 
they immediately run into one larger Drop, AS. 


33 


qt Metals, it 1 3 that the _ which. 
y afe-campoundged: do attract one another, . 
27 her wk PSY the Mogi of the 


= 


1 5 <a where 


| | | . is no = 5 do they b 

. Erxeſſure of an vocher 1985 1 5 4 — 
8 » r fuch a Preſſure is able to e 
| 20 6 
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by uhich two Bodies tend towards each other; though | 
But that Artrattion is ſubject to theſe Ls, | 


Diftance it is changedinto a repeltent Force, by which 
By help of this Law, ſeveral Wees are | 


appears alſo from the following e * 258 


{1 32 Experi iment 1. ] We ſee that in al Liquors al 


cauſe there is no.Liquor \. whoſe Parts are not 
ſticking to one another which is 3 true 


F. "All mhichghivgs, 8, as. they allo happen in li. ; 


iT 
1817991 par \ 
F- % LF »4 


ak 
here 
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Drops to their Spherical Figure, it can by ad 
ou means bring them to it ar firſt. 
ugh In the Oval Drop a ch d, (Plate I. xp the 
192 Preſſures upon the Surfaces a d and cb are leſs than 
the Preſſures upon the Surfaces a c, d b; for the 
Drop is ſuppos d. to be preſs d equally from all 
parts, therefore the Preſſure is leſs in a leſs Space: 
Let che Drop can nevet become round, till thoſe 
— * che greater, which i is ab- 
On the contrary i in ; Artraſtichs, "the, — - 
number. is of the Particles which attract one ano- 
ther between two Particles, the greater is the 
Force with which they are carried towards one 
another; which produces a Motion in the Drop, 
tin che Diſtances between the ↄppoſite Poings in 
all WI che Surface become every; where equal; which 


Cal can only happen in a Spherical Bean 2 2m A 
c- I «Several Bodies act upon other extran s Bodies 
ot by r chis Attraction. I ſhall give a fewcExamples; 
ue in which the Effects of-ir are moſt- remarkable, t 


90 8 J ——— in Water the ends of 35 


gf ſmall Glaſs Tubes open-ar both Ends, in th e man- 
) ner repreſented in Plate I. Fig. 4. The Water 
ö will ſ ſpontaneouſiy | aſcend in them, and ſo yes 
©, If theibigher as the Diameter is leſs. It is nai 

as quiredꝭ that the Tubes be extremely ſmall; fot the 
1 I Expitiments will ſucceed in Tubes whoſe Bore. is 
4 the ſixth” Part of an Inch. That᷑ this is not to be 
e- 

8 

e 

77 

3 

8 


attributed to the Preſſure of 3 
from the following A re ech an 
RN 3 

q " "Boeperiment 4. Hiring fixed the ſmall Tubes 4 36 
to à piece 222 and | ſuſpended them with the 
Braſs Wire AB, (Pine l. Eg. 50 pump out the 
from the Recipient R, which ſtands upon the Braſs 
ke ag the Air-Parp ; then by moving the Wie * 
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A B, the Tubes may be immerged in che Water 
which , . in the Glals C D, and the 
Water in this caſe will riſe up into the Tubes jult 
as it did in the foregoing Experiment. How tlic 


Wire may be moved without letting che Air into 
the Recipient, will be. explained hereaſter. "1 


37 20 — 5 bl ABCDaretwoGlaſs Rias 6 ot 
 Vlanes, (Plate l. Fig. 6.) touching one another at A 
B, but a little ſeparated at C D, by thruſting a chin 
Plate of an wing between them; ; theyre ſuſtained 
iy che wooden Frame H II. M. in ſuch manner, 
that the ſide D C is always at the ſame Height; 
the Planes may be brought to make any Angle 
with the Horizon, by raiſing the End AB B where 
they are joined, the Cylinder N O likewiſc 
ſuſtaining the Plane in any Poſition. The Screw 
P makes bes falk che Cylinder at any Height. 
ans of Water or Oil; G, is put between the 
Planes, ſo as to touch both. che Planes, which 
muſt beforehand be uy with-the ſame Li- 
quor; this Drop is attracted by both Planes, but 
"he Attraction has a greater SR aps the Drop 
where their Niſtance is the leſs; that is, .a greater 
at e than at 5 therefore the Drop is moved to- 
_ wards e that is, aſcends, and moves upwards the 
in proportion as it is Higher, the Surfaces 
— which the touches the Glaſſes growing 
much where the Diſtance between the Planes 
iminiſhed, The Angle of Iuclination of the 
— be ſo encreaſed, that the Gravity of 
the Drop "hat balance the Attraction, and then 
the Drop is at reſt; and in that caſe, if y ou raiſc 
che End A Bof the Planes fill higher, the-Drop 
will deſcend by its As N _ —4 
overcome! bond Axiraion 4 
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Experiment 6. ] Let two Glaſs Planes, AB. CD, 
(Plate 1. Fig, 74) touch one another at. A B, and at 
CD let them be a little ſeparated by yheanterps- 
ſition of ſome thin Plate, — 4 let their ads 
be immers d into Water tinged with ſome Colour, 


A 


38 


in ſuch manner, that the Sides A B and E M maß 


Ide in 2 vertical Poſition, the:Blanes: having been 
8, ot moiſtened with the ſame L beforehand. - The 
at A Warer will riſe between thoſe Planes by their At- 
chin I araction, and. riſe higheſt where the 1Pjanes ate 
neareſt together; and as their Diſtance continu- 
—— from C Do A, the Mater riſes 


the Curve _ e fg. 

"ts; £3 5 ck6ver 1 QT 4 
— . 1 f 

Er Rae: 'Oiliftiek to Err 

„rr 

and Dil, and generally between Water and all 


10 50 


allo between the Parciclos of any Daß. 
RE 8.1 11. any fat Body, Jighter than 
Water, is laid apon the Surface of Water, or Tant 
of Tron upon Mercury, the Surface af the Flui 
be depreſſed about the Bodies laid upon it, 2 
appears about the Ball A (Plate. L Fig. Re) Aud 
after the ſame manner vchere the Attraction obtains, 
the Surface of the Liquor is higher about che float- 
ing Bodies, as about the Ball B, and does not 
un: to a Level by its Gravity ; ſo here where the 
repeltentiForce «exerts: its Action, Liquors, — 
withſtanding their Gravity, do not run do 
gi far e which are made ro "the 


pon this: 
the Glas 


9 
gen 


up to different Heights in every Place, ani malias 


übe = ery | 
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Vacuous Bodies; — Mercury and Iran ; 788 | 


41 


45 


26 


© where the Water ie lden. . 


— at „ Biebl 

2 Water; When they are-clhan the Wages biſes 
ut them: all round, as at: put chen they 

ate made greaſy, the Water makez an Hollow all 

*round them; as! at A; in the Alas Veſſab uhen 

the Experiments are made, the Water — 


=> 


(higher all rounti next. to the Glaſs, as at C and D 


but when the Glaſs is. ſo, H' d. that the Water 


| runs down from all Parts, then the: mutual At 


ttaction of the. Parts of the Water, it ſtands 


higher in- the Middle than at the Sides, and forms 
the convex Surfice A BC: (Plate I. Fg. g From 


*theſe Principles only can the re Experi 
ments eee . a+ 1 hb 2030 


188 a> ay 48 Dag? 
 Experinh,, 9, 10, by 13 and 3 When a Glaſs 
is not quite full o der — 7. —— Glaſs. Bubble 


Flue runs to ao Ta and there ſticks; pipyt- 
ded it be not laid on too far from it. The Bub- 


„ dle is preſs d every way 5 Ve Wi Water, when it 


[ comes to the (ide of the. the-lame. Force 
by which che Water is raiſed ——— n. pat 
take off that Freſſure; ſo the Freſſure on che other 
fide overcomes, and the Bubble is 
"watds the lide ol the OEB I. F 
When the Glaſs is * as to be be reathy, to run 
i; over, the Bubble: g0 from the hide to 
the Middle of the: Glaſs, for the. ſame; roa(on ; 
[becauſe the Force: by which the Water is xaiſed 
in the 1 og alſo- diminiſh the 
upon the Babes towards the Middle:... a 500 
rs, Lee ne e e e aw 
5, uſe that orce by ater 
and the Bubble repek. one :- another, is gteateſ 


Two clean Bubbles, . rro-erealy ones, tun 
N each other. As to cl uübbles, we 


y have e the reaſon. 4when they are made 
8 real © there G 2 e jomnd-each. —_ 
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diſes and where the Cavities join, the Preſſure is dimi- 
they niſh'd,. and the Bubbles run that way 

& all It ene: Hubble be clean, and che other ea; 
here they fy from one another, for che r be- 


kD; "The Particles of any: Salts attract one worker 
ater ſl with a very grear Force, as appears by ſevetal 
5 Experiments: the following will be ſufficient to 
prove, that that Attraction exerts itſelf at a very 


{mall nac _ ene ner at a 
ue.” 


ps 1 


eee = Dil Sat in Watet, mad 
when that Water is reduced into Vapour, the 
ſmall ſaline Particles will unite together and 
— freater — Which proves che- Atrra- 


"Thoſe Particles are all equal; and of the 
ſame: Eigure: vwhence dt follows, | that: the 
caſt Parts of which they are form'd, had er 
where the ſame Situation in reſpect to eac 
other; that is, were every where diffuſed in 
the Water at equal Diſtances; which cannot be, 
unleſs they all repel one 'anorher with equal 
is. I. 144; 


hereby they return t0 there farmer Figure, when it 

& been alter d by. any Furt, ineaſily deduced from 

rhat has been ſaid: Fe if @ compact Bod * 

dented in without the Parts falling into that 5 

he Body will return to its former Figure, from 

the * 1 * of its Parts. 1 — 
mall alſo in its proper place t 3 

at Property of the Air, which is call' its N 

lafticity, ariſes from the. Force whereby its 

Parts repel one another. 


em lon't give the Cauſe of the laid Attraction and 
wad C Repul- 


1 

| 

ands tore” given. ATC L | 4 
+4 


The Elafticiy of Boles, — that Propetty 44 


And eaſt any one ſhould itha gine, becauſe we 44 
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Repulſion, that they muſt be lock d upon as 
occult Qualities. We ſay here with Sir Iſaac Neu- 
ton, That we conſider thoſe Principles not as 
occult Qualities, which are ſuppoſed to ariſe 
© from the ſpecifick Forms of Things; but as 
© univerſal Laws of Nature, by which the Things 
*. themſelves are form'd : ſor the Phænomena of 
© Nature ſhew that there are really ſuch Princi- 
© ples, tho? it has not been yet explain'd what 
their Cauſes are. To affirm thatathe ſeveral 
© Species of Things have occult ſpecifick Quali- 
ties, by which they act with a certain Force, 
is juſt ſaying nothing Bat from two or three 
©. Phznomena of Name to deduce general Prin- 
Þ ciples;of: Mation, And then explain in what 
©:mariner the Propetties and Actions of all Things 
© follow from thoſe, Principles, would be a great 
_ © Progreſs made in Fhiloſophy, tho che Cauſes 
© of thoſe Principles ſhould not yet be nn. 
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inci cand. E's Wilk: 5 A x 
phat Bl 661044 the HAK r. „ Dis 
eral ! Motioty in Ybere nega el 
nali- 77 e lace an Fitne. 


| en 7 uke ge gh as 
8 a large Scope ies: all that 
what I pens in 4. Bodies belongs to Motion, 2 
ungs even what has been ſaid of the Coheſion of Pitts, 
great has a relation to it: 1 25 — are not 


moved in their Coticfion irfelf Fe of 
ion” cannbt be e Fer eib we yy id 
about it be confirm'd 'by Experiment cho 


* Motion. 

* Motion 's 4 Tit 4 one Place io another 

„ace, or a tontinut rk; Hate. Every body 

JE has an Idea of it, "aid in vain that Philoſo- 

i phers habe! "6 x/Definiriof of the 

„ Wl ſimpte Idea, Vith a great deal of 

„ IN Pains, that one 139-60 ode ignorant of 4 

Sti tive, which 8 body knows. 

pi the Space ta 5 5. a Body; AY which 

* 1 Be fd, what has ji been aid ncermng | 

\\; LA 

18 * Fr twofold; "the Prue or Abſolute, and. the. 

FP Relarive.” * "oh 0 1 — a book 
”—_  Dz+rixirion I. SOS x 

1 Tide Place eld that . of eres 

2 * uy ang ei. 
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nen 0 2119 9 921 EPI e 1's * 
—— EFINIT AY „ue ö N 
50 "Raaive Place, wi 1 can be diſtin- 
| guiſh 'd by out Senſes, iis te Stuntion of a Body 
Kae f ot har Bo disse I EY ll 
True Place is often changed, 
Place is not, and ſo reeiprocally. Kt rh INVID 
Whence ariſes a Tue and Abſolute Motion, 
and hill x Body call'd' a Relative Motion. 
+ Whilſt a Body moves Time goes o = 
51 Time alſo i is twofold; True or © Alle, 9d 
Relative. IT. 1 1 
* Tee. bunt nas n. 
ies, nor to the 


18 


T1 ti 
woes 0 of. the? the Mot map ot 


telligent Being, but: * i as it LOO 


8. wy 
iy, 'g. FLY 3 
EFINITION b. 


cla wife Ting or the true e 2 IPED 


Hide our a 12 5 We is the only Time 


„Al Motion may. become ſwiſter, as likewiſe 
'2 may mos wer thun it | difithefgre ; 
ns very N they there is a ori of 
Bodies wholly equabl 1 it follow that 


relative Time differs i true Time, which ne- 
"I 3 taſter nor oder. * N N, Na 9 Mñ . 
93 2 W Im : WHY , biz; 
2. _ 2 5 D E bes N IV. We * 
53 W of Mien, blieb n Boch run, 


thre' @ en Sars en cerzmin Time, is 5 
leritꝝ or Velocity; Which is greater or lefss ac- 
och to the Bigneſy:ob chat Spice, 220 h it 
5 ata pur d 02 B2Qt7r ni Biz 
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54" The greater Foren is impreſa'd/zupgp. A Body 
to make it change nr the * the 
es Otlon; 
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I. Book I. 
Motion; and that Force is call d the Quantity, 
| or Momentun, of Motion. 3 8 „ 
n- elde ig dps 5 
dy 0; 0 Be Ad I guys 


f The Direction of Motion, is in K Siegen 55 
ve I . which we ſuppoſe draws toward the Place 1 
I . e ee 3 
MN, IS 38083. ee 5 7385 
ei nA gi e ie 
_ Power is ax. re ask . om to 56 
ad move ee e 439A 21 5G 24 
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two. Things chetefote, and! only theſe vo; ate 
to be conſider d in comparing f "Mforions,”: 70 
When the Velocities are equal; nothing is to 
be conſiderd but the Quatities f and and 
if it be double ar od Body, ehe 5 
Motion in that Bod i ald 5 eie 
cuuſe ſuch a Body 15 made 2 — Bebe 
each equal to the leaſt „ and moved with 
the ſame Celerity as the ! de die! The ſame 
may be ſaid of ail other Relation” berween'\two 
2 whence we deduce this general Rule. 
In equal Bides that moe-1oith: tie Jame Velocity, 


1 F ee e e 


ben the Quantitzes of Meer ec equal 
the Velocities N 15 ig be fe conliderd+ And 
en, % 4 


Baden Momenta are 1 vb. 
cit 155 iat 18, 1 e gone thro in the 
5 ſame Times For i the! going4hro* thoſe Spaces 
are the whole Feds. of the Motions produced 
in that Time, and re to ofe Atlocher a8 thaſe 
Spaces; therefors Mo art int 


ie 


59 fame Proportion“ Nn 


In order to N the Relation Sifwern 


two Moving when the 1 are unequal, and 

the Bollies differ n N. $a Mrtrer; Fh mu 

find xwo Ouamitie tin * Another a5 * 
. nd as the Jn 1 

: ench Body WH" * ns 

h N 5 525 1 
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e be therefore" 
Piel This tete pal eben in dne Sang the 
deity iy dF in ahether?;* and the 


| | Maſe 0 the firſt > Fie th Maſs of the other be 
ing 
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ing Fifteen ; - multiplying each Maſs by i its Ve- 
locity, the Ptoducts are 10 and 60, the laſt of 
is which is ſix times the firſt. 
and This is MTN aRatio compounded of the Ra- 
of tio of the Maſſes and ee Celerities. | 

be- A greater Body may move more {lowly than 
dies, 1s; in ſuch a mauner that the leffer Body 
with may have an equal Quantity of Motion with, or 
ſame 2 greater than the other 
two Ihen the Veldeity in Aer 1 * is 175 2 65 
te; beit) in the greater; as the Maſs. of the greater to the 
beity, Maſs of the leſſer-; the Quazzities, of Mie are 50 
latter in the two Bode, 
fx As much as the Quantity of Motion, in the 
qual, leſſer Body; 2 70 celpec of irs Maſs, 15 Bird 
Aud s it greater in reſpect of che Velocity: rig 

an Equality ariſes. Likewiſe in has © Caſe, 

17. Produn ofthe Mala of each Body by irs Yew 
the city are equal; and the, Celerities are fail t 
aces IM in an inve# Ratio: of che Maſfes, or rec og 
aced ly as che Maſſes. 9 $4.58 940, 03.3 
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We; do not here gonſidet ſuch an Aton of 
Lage ; bur we Sr owers chat 
act againſt an Obſtacle, in ſuch mauer that by 
x KReſiſtance of the C hſtacle the ie A dun cd che | 
06 is continually deſtroy' d, whichlis do be 801 
pbſerv'd; for in another Caſe the following De- 0 
monſtrations do "of obtain. When: therefore we 
ſpeak here of an Obſtacle to be gemoved by an) 
Pow "_ * 05 of the greateſt 55 bRaite that can 


Re tl . 


e 

dg the Power. N 
The e dert may differ fro 
another, both in reſpect of the Greatneſs of the of, 
; Obſtacles, and in reſpect of the Spaces run thro WW. 
- by che Obſtacles; (that is, by,che Points to I . 
which the Powers arc applied J Theſe” two * 
4 85 N qe to be Fonlider: Kg comparing Ml 
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. {Thr are to one ich © as'the 1 es by 5 
RE the Powers | | 
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Doerr equal in their 5 are N ove $10 

as the Spaces run thro." "For: they only differ in 
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af i of Powers are to one another, as the Actions 
that prices in the ſame: Time 

by „ Tbeſe Things may be Sombbttart "in the 
The {amis manner a at bas been ſaid in the * 


going Chapter. 5 101912 18 117 Annes? 
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3 6 Men HA P. M. e 
2 "Nc Tone General Thing 75 e n 
VET 57 . 1 EN OMEN NON I. 56 ave 
8 LL Bodies near the Earth, if hinder d UE uo 
Obſtacle, are carried wwards the Earth, , 


e 1 e 
5 0 


1 ce of Gravity att equally and & 
ment TAE 25 — the Earth s Surface, - © 


is indeed a fwat Dj Ee of Graniry 
Fr roy ich we mall take no: 
wh — hereafter; but it is too {mall to be conſi- 


ſible in Countries. 


an yrs it conigpally pe les Fu that 7 — 


W 00 0 upon? as 4 Forge, Crone 


as upon — n Obſtacle + and therefore what has 
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der u hete, ſpec ally be: becauſe it is Thaur inſen- 
When el bk 4 Body \is hpinderd by 
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77 Bodies which deſcend by the: Force of Grauti, (.: 
427 Refiftimce be ue 9 25 N. 2185 with the yu Fan ren 


Which i ng proved by = it 11 $p! 
* 7 5 "Fs. 1. pe 

Experiment. Pump out the Air from the cal Ti 
Recipient A B, ¶ Plate IL Fg. which is made 


up. of two Glaſles, and is abour three Noot high: an 
then from the Top of the Glaſs within, by mo- he 
ving the Handle CD, let fall a piece of Gold iſ 
and a very. light Feather juſt at the ſame Time, Ml ;1, 
and they will always come down to che Brak tit 
Plate of the Pump upon which the Receiver --? 
2 at the ſame Inſtant of Tim. eq 
For making the Experiment teadily, the Top a6 
3 the Recipient is coyer'd, with a Bras Plate WM me 
thi 

In 


laid upon it. A thin Plate bent into the Figur 
E, is fix'd'to the covering Plate at e, by help of 
two Screws: H; that go thro two leſſer Plates, 
olle of which you lee at gf. and ar ire the 
| —_ Plate E. N 
1 of the plate ſpri together; and th 
fo hold the Feather and, the Gold whillt the 
Rectiver is NI 
A Braſs Wire dans ks the — which by G 
means ofthe Handle C N, ma be turn 19 0 
without admitting the external Air; which we 
Mall explain when we come to ſpeak of the Air N 
Pump. 
The Wire fork thro? 4 Hold in in en uf 
patt of the Plate e, and the Bid) of the: 


erhith domes down berween-the ip 75 
may be ſeen at L: it is ſquare an that 
the Oval Plate I may -yelln'Saopit] 2107 vir 


Tou muſt obſerves that the mall Diameter of 
| rhe Oraide mall enough For! e when 
= 9 | Ends oon come together? FN wy * 

| | O | . 
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Now when the Braſs Wire, and by it the 
Plate I is turned round; by: reaſon of the diffe- 
rence'of Diameters in the Oval, the Ends of the 
Springs open; and then the Bodies that ate ſuſ- 
pended, - are let go at the ſame Moment of 
Time. 11 OG TITEL NN 
The ſome Phenomidbh: is alſo deduced from 
another Experiment, Which e hall mention | 
heteaſter *' Mx 200 ah an * 160 
Hence it foo ar —— n Bades 79 
that is, their Weight, is ne to their Quan- 
tity of Matter.® * n 62 
Pherefore all Bodies: niit bret that i is 80 
equally heavy; and tlie reaſon that Bodies do 
not appear equally heavy, is becauſe ſome have 
more Matter than others under the ſame Bulk; 
R in the ſame Space. 
N is conſidered a8 a. Power, the 81 
9 we: 'of the Power 18 2 portional to the 
S, of Matter in che avy Body'; and the 
tection of the Power is s towards ſhi Crater of 
the Na gang | P 
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28 Mathematical Element: Bock 1. 
move, unleſs the * does 1 the ſame time 6 
through an equal Sac. 

Weights are found, that i is, the Quantities of 
79 Matter in Bodies are compared together, by 2 


Balance, ot a Pair A which is 3 wel 
known Inſtrument. Y 


| D=+1nizion,. 1 
9 The Axis of a Balance, is that Line about whi 
nee an nen 

WES. | Dae ee Wn. Is 

. Mühen we 6enfiler.che:Lingth of the Mikes 
omg the Beam, then the Axis is to be looked 
err ment ern 


— — 4 
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86 We call points of Suſpenſion, or Aptication 
thoſe Points where the Weights realy are, or fron 
- which they hang ue free; er the Scales in wk the 


Weights are place 
Concerning this Machine, 1 we are to 4 


ſerve, 5122 

: "The .the Waight does equally the Point 
$7 See as =derver Hogh N 
in the ſame mamier as if jt was fer fixed at that ven 


Point. 
Wk," the Weightar-all Heights equally firetche: 
by Which it hangs. - as gol 
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The Afi of Weight to move a Balance is by fo 88 
þ. greater as the Point preſſed by the Weight is 

e diſtant from the Center of the Balance; and 

1 Aion follows the Proportion of the Diftaxce of the 

} 10 Point from that Center. 

When the Balance moves about its Center, 

e Point Bdeſcribes the Arc Bb (Plate II. Fig. 3.) 

zhilſt the Point A deſcribes the Arc A a, which 

the biggeſt of the two; therefore in that Mo- 

ion of the Balance, the Action of the ſame Weight 
different, according ro the Point to which it 

$ applied ; and it follows the Proportion of the 

pace gone through by that Point: At Athere- 67.76 

ore it is as A a, and at Bas Bb; but thoſe 

| are to one another as C B, CA. 


Experiment 2 2.] The Brachia of the Balance A B 

(Plat II. Fig. 4) are divided into equal Parts; 
done Ounce applied to the ninth Diviſion 
the Center, is as powerful as three Ounces 
** third ; and two Ounces at the ſixth Divi- 
ſion act as drongly as three at the fourth, Cc. 
The Conſtra&ion of a Balance for this and 
other following Experiments, is plain, - 
— from the Figure, adding to it what is 


aid at Numb. 102. Hence it follows, that the 


Aion of a Power to move a Balance is in a 
Ratio compounded. of the Power it ſelf, and its 
Diſtance from the Center *; for that Diſtance is · 6g 
— 

. f 


+» 41; -,Derintirion V. 
ee is fan l in Equilibrio;/ when the 55 

tions of the * 75 each — 3 

the Balance, are 0 that they mutually deſtroy 

each other ; NAT; by N 5 


nent. py 
a 58 le 4 N ö 


30 Mat bemut ice Rene ents Bob 

5 pe eln 19 5w0des 22081674 ; 20 Dod 
DRI MIT VI. 
"When 2 Balance is in Fauitibrio; the Weigl 

on each ſide are ſaid do *urpondernte”” 415 5 a 
90 Unequal Weights can æquſp odr ate. For thisg 
is requiſite, that the Diſtatices from ehe Ceft 
'89,70be reciprocally as the —— In that eaſe 
if each Weight be m by its Diſtanee 

the Products will be e . . Ne 
n i eu , „1811 1 
ers In the abovementioned B 
(Pluie II. Rx. 4) one Ounce ae the #Rahov-d 
©: the ninth” Diviſion from the Center, #quipdne 
rates with three Ounces at the third Diviſion." 

91 The Steckyard;” or Fare Nommmt, Whit 


weighs every thing with one Weight, is mad 
upon this Principle? M. Ju 4. lr en 


* Tri F a SHE OTE. THR Af <7 1% 
Experiment 4] The Seel herd A B (PlteW 
Eg. ty tas chi very unequal," - 4 "Seals 
Rare at the ſhotteſt; the longeft is dige dach 
unequal Parxs: Ap 1 that 
ar the fitſt Diviſton CIA 
one Qunce laid in'the'Seafe*" then the Body to 
be weighed is put into the: Scale, aud the uwe. 
mentiofſed Weight is to be moved" al, * 
fougeſt Brachium, tin you find the Equi 
tie nutaber of Diviſions between te Bedy w_ 
the Center ſhews the number of Ounees that the 
Body weighs, and the Subdivifiotis ene Parts of 
an Ounce. 
92 © Upon this Principle 'atfs is beandedd the de 
2 eiche Balabce, wth crap by the n 
A ze een 


iT 14 . 12751 15 5 55 br 


e >To. wo Scales of un 
Weights, in the proportion of 9 to 10 (Plate qo 
Fig. ON TO Ne ey at the "Pinion 

on 


OD OO COA AIR. — 
— 


teat w—— th. an... ot 


Diviſion of the Balance above deſcribed, and 

he other at Ie nimh Dividenxf chat there 

. an Equilibrium „ Hrbampen tmke at y 
r 


product of that « VWelg by its dliſtanes 
Center, be e 
all « 
= 


ram the 


Weights, each being multi plied by 
fromebe. Center 3118 Batra i PE 
ne 1 447: 9-88 $43 9518-8 


ſions from the Center, and they will 
nate with the Weight of one fingle Ounce ap- 
pews ln Is e Ande the: Weight of 
— 7 eight 
one Qance Piviſion, — of 


three —— 
pondenats wich & Might of two Ounces on the 
othetz ide a the ninth Divifion;; Nia D444 
Several: Weigbis, unequal in number, om either 
dey Mal, e uiponderate. In that caſe, if each of 


ters, ig Sams of the Froducts on either fide: 
e nd i choſe Kaum are equal, there 
+ 20% bats 273 1 05 3 
ee 8 00 4 Weight 4 3 
ben Hr. n at the fifth Divifieg 
and two others, each of one Ounce, at the ſe« 
— ſerenth; and on the other ſide hang 


Nath angtenth Divi 
equipongergee with the 


5 an Fot — 


1 r will 


l ka blase 31 


the' fuer fide. it — that che * 
ual to 3 of the Products of 


fourth; Diviſian, will æqui- 


e e e eee, the Cen- 


8, each alſo of one Ounce, ante 
1 0 


nee Darn 
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2 0 Coen in Body, 
about. the 

- A 1 "ha 
When zee de Bodies are zned * 


ther they ++ = 5b arated, they have 
2 Comm enter of Gravity 4 7 . 


98 hen e Deuter of Cn bleed, the 
| Body remains ar reſt. | 
: r . n „ at iN 

- Experitnen 8. The Body A Ulis IL Eg. 

| zs ſultainied-and ar-reſt, becauſe its Center of 

3 Gravity ers by the Prop F. 

ow Wen ide Cent A Gale ty is not ſuſtained, 
oves n Pr Cone come be 


4 
. , 5 


horn $5.4 The 1 3 aid: upon. the 
Table will fall, and the pg 85 
in its Poſition, Tank” ub r 
are not ſuſtained. EE 
99 Hence — , Why ſome Bodies nid 
upon inclined Planes Tae off, W ſom: 
e e n 


r " 8 W 
Esperimem 10.] TOE A Aides; becauſ: 
its Center of Gravi aire by an iuelined 
| _ Plane; (Plate III. = ais, the Vertical 
a Line which goes char Center c; cuts 
* the inclined Plane within the Body. But the 
Body B rolls, becauſe the Vertical Line thes its 
Center of Gravity cuts che inclined Finn With: 
gn the Body. 4.0 0968 77 217 
100 From what has been fail it Glows « : that 
42 deſcends, when its Center of Gravity 


deſcends, that i . is ee eds Gs Cente 
of the cls F* 
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Sometimes in that caſe a Body ſeems to aſcend, 
nd oftentimes it does really aſcend ; but as all 
Bodies deſcend by Gravity; that is, their Centers 
f Gravity deſcend ; it follows, that a Body 
tems to aſcend by its Gravity, and can really 
iſcend. 25 2 V 1 
Experiment 1 1.] The Wheel A (Plate III. Fig. 6.) 
mhoſe Axis is made of two Cones, the Baſes of 
vhich join to the Wheel, when put between two” 
Manes, whoſe Sides DG, FH continued, make the 
Ingle FCD, which has the Baſe, (ſuppoſing: a 
Inangle made) higher than the Vertex, will from 
G, rhe lower part of the Planes, roll towards 
D, the higheſt part of the Plane. 
By reaſon of the greater diſtance between the 
lanes" at F D, the Wheel A, whoſe Axis is a 
one both ways, deſcends more between” the 
Hanes, when it moves towards that part, and 
ſo carried thither by its Gravity, provided that 
eſcent be [greater than the Aſcent from the 
iclination of the Angle FC Dwith the Horizon. 


Experiment 12.] The Weoden Cylinder A 
Plate III. Ex. 5.) has within it, near the Side; 
Leaden Cylinder; their common Center of 
tavity is in a Sectioß parallel to the Baſe, 
chich divides the Cylinder into two equal Parts, 
in a Point anſwering to the Point of the 
es ERIE DN A as eds 
Whatever Poſition this Cylinder be laid in, it 
vill move until the aboyementioned Center of 

ravity be in the loweſt Face which it can 
ome to. BONDS 10 212. 
If it be laid upon an inclined Plane, in the 
Poſition deſcribed in the Figure; the Center of 
ravity will deſcend whilſt the Body riſes along 
he Plane, if ir be inclined in a fit manner. wk 


— At — 4 


101 


102 


« wrench Y— —— D „ Wa. D.C nan - 


as it were, collected i in that une 


9 e 8 Book J. 


The Body aſcends by rolling towards the up. 
per part of the Plane; but care muſt be taken, 
that whilſt it is endeavouring to roll up, it does 
not ſlide down along the Plane; and therefore 
yon muſt uſe a Rope, which goes in part round 
the Cylinder, one nd of which is joined to the 
Cylinder at 4, and the other 1 is fixed to the Plane 
at d. 

7 Framcarbat 82 * faid of the enen of Gra. 
vity, it is farther, deduced, that whatever Point =- 
of a Body or Machine ſuſtains the Center ff 
Gravity of any Weight, that Point ſuſtains the 

whole Weight: So that the whole Force by 
which, any Body tends towards the Earth, is, 


4 neee $3). I the Body A B (Plate Ill 
Eig: 7:) whole Center of Gravity i is laid upon th 
Brachjum of a Balance, does in any, Poſition 
zquiponderate with any Weight P; it will in 
any other Poſition, as a b, a b #quiponderat 
_ it. provided the Center of Gta tavity be fi 


2 1 Balance may be perfeR,. it is required, 
Is That the Points of 2 of the Scale 
or Weights be exactly in the ſame Line as th 
Center of the Balance. 2. That they be preciſch 
equidiſtant from that Point on either ſide. 3. That 
the Brachia of the Balance be as long as the) 
conveniently can. 4. That there be as littk 
Friction as Poffble ! in the Motion of the Bean 
and Scales. 5. And laſtly, that the Center of Gr: 
rity of ct png be Placed. a little below the 
gr of Motion. | 
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'* Of the LEVER. 
© Dz+e1nrrion I. 
Lever is called by Mathematicians; an in- 
flexible Right Line, made uſe of to raiſe 


Weights, either weighing nothing it ſelf, or of ſuch 
Weight as may be balanced. (Plate IV. Fig. 1.) 


It is the firſt of thoſe that we call Simple Ma- 


chines (or Mechanical Powers) as being the moſt 
Simple of all; and it ſerves when Weights are 
to be raiſed but to a ſmall Height. 
There are four other Simple Machines, which 
we ſhall treat of in the three following Chapters. 
Concerning the Lever, three things are ro be 
conſidered, e 1 
1. The Weight to be raiſed ot ſuſtained, as P. 
2. The Power, by which it is to be raiſed or 
ſuſtained, which here is repreſented by the 
Weight M, tho commonly it is the Action of 


a Man. 3: The Fulcrum, or Prop, by which the 


Lever is ſuſtained, or rather on which it moves 
round, whilſt the ſaid Point F remains fixed. 
The Lever is threefold. | | 
1. Sometimes the Fulcrum is placed between 
the Weight and the Power. (Plate IV. Fig. 1.) 
2. Sometimes the Weight is between the 
Fulcrum and the Power. (Plate IV. Fig. 2.) 


103 


104 


3. And often alſo the Power acts between the 


Weight and the Fulcrum. (Plate IV. Eg. 3.) 


The ſame Rules ſerve in all theſe Caſes, which 
follow from what has been ſaid of the Balance“: 


And this ſhews the Analogy. between the Lever 


and the Balance. The Lever of the firſt kind 

is, as it were, a Steel- yard to raiſe Weights. 
The Action of a Power, and the Reſiſtance of the 

Weight encreaſe in * to their Diſtance * 
2 2 the 


* $8 


„% 


may be deduced from what has been {aid. 
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by 
1 44 4 , 


3 gs, 
-- »- Ratio of the Intenſities of pre ry ; 


by the Experiment of Fig. 4. which. requires no Ir 
Further Explanation, aP 
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Experiment 5.) When two Weights are to be 108 
ſuſtain d by one Power, that Power muſt be 
placed between the Weights, and then what 
has been ſaid before of the Powers muſt be ap- 
plied to the Weights. See Fig. 1. Plate x. 
Several Weights are often carried or ſuſtained 
by one or more Powers. In which Caſes it is 109 
to be obſerved; That all Weights, in whatever Po- 
ſition, have one common Center of Gravity; which 
Center is ſuch, that if on either ſide, each Weight 
be multiplied by its Diſtance from that Point, 
the Sums of the Products on each ſide will be 


ly co.) 


Let the Powers alſo be diſpoſed in any P offtian, they 95-99 19 


have a common Center of Gravity ; for they may be 
repreſented by Weights;;* and here the Intenſity 76 
of each Power is to be multiplied by its Diſtance 
from the Center, and the Sums of the Pro- 
ducts will then be equal on both ſides: 
that the Powers may be able to ſuſtain the Weights, it 
is required that the Center of Gravity of the Powers 
and the Weights be the ſame. | 

Experiments 6, and 7.] What has been ſaid ſuf- 
ficiently explains the Figures, (Plate \ Fig. 2, 

0 


«A * 


and 3) where C denotes the Center of Gravity 
common to the Weights and the Powers. 
Wa QOH. T1792 | | 8 


the Lever is drawn (Plate V. Fig. 4.) by Powers 
on each ſide; which we ſee in the Lever of Fg. 4. 
which is drawh horizontally on each ſide; where 
the Zquilibriam-only depends upon what has 
been laid down in the Rules above- mention d. 
We may alſo make uſe of à compound Lever 111 
for raiſing Weights. In which Caſe, inſtead of 
2 Power, a ſecond * is applied to the — 
2 * ; 3 | N 


—_ 2 — 


E ²˙¹—. — — — 
"_ 5 1 2 2 8 4 


— 3 


L . 
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and a third to that, and ſo on as far as you will,, 
and a Power is applied to the laſt Lever: and! 
then the Ratio of the Power to the Weight (when it 54 
ſuſtains it) is compounded of the Ratio s of the Power: 
to * TL VO, ave afed Jepe- Fo 
rateh | mv 


| Keperimen 9] The theee Levers & B, D, are 
ſo diſpoſed (Plate IV. Fig. 5.) that the Power M 
: ſoltains the Weight P. In the Lever A, if it 
= wete uſed ſingly, the Power would be to the 
| Weight as 1 to 5; in the Lever B, as 1 to 4; 
| and inthe Lever D, as 1 to 6. The Ratio com- 
2 of all theſe, is as 1 to 120. For one 
| 0 Wes _ does here ſuſtain the Weight P of 120 
3 "Obſerve, that in the Motion of this 
ine, 5 Spaces gone thro by the Weight 
Ae Power are to one another, as t to 120; 
that is, in the ſaid; inverſe Ratio, which i is re. 
70 quired to give an Eaalibrzum“ N 
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= the axis i in Peritrochio, and Wheels wirb | 
| © Teeth. 


HE ev 26 was aid in the beginoing 


-L of the foregoing Chapter, ſerves to raiſe 1 
Weights to a ſmall Height; when they maſt be 1 


| GAIA we uſe an Axis in Amn. 


Di rix irie. * | 
1 call A in Peritrochio: el which 9 7 
no with 7 (8 2 V.. 5.) , 


ower in applied to the 
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Let ab be the Wheel, (Plate V. Eig. 6.) de the 
— þ the Weight to be raiſed, m the Power; 
as the Wheel is moved by the Power. the Points 
band 4 deſcribe ſimilar Arcs, which are the 


Book l. 


FF 4 


Ways of the Power and the Weight, and are to 
each other, as c h̊ to c d, that is, as the Diameter 
of the Wheel to the Diameter of the Any; 
- whence the following Rule is deduced. . 
Te Pewer bas the greater Force. the g the 113 
Wheel is, aud its Action increaſes in the Ratio 
as the Wheet's Diameter. The Weight refifts ſo much 0 
the leſs as the Diameter of the Axis is leſs, and its | 1 
R ante i diminiſhed in he ſame Ratio as th Did 4 
meter of the Axis. And that there may be an 
"librium between the Weight and the Power, "it . 
ways requiifite that the Diameter of the Wheel be to the 
Diametes of the Axis i in an inverſe Ratio of the Pra 
0 the Veight'* © * * 2 75 
It is to be obſerved, tbat 12 75 muſt add the 
Diameter of 15 Rope to that of the Axis. 
Experiment f.] This Russ db Jurte rr 
firm'd (Plate V. Fg. 5 .) by help of the EG 


here repreſented.” When the Axis is the twelfth _ 
part of the Diameter of the Wheel, half a Pound 
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a * 
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ſuſtains fi Pounds, and. ſo 0g. ol AY 
"The Poet Alſo may be applied. 10 an Handle 
poke, as at 8 anc and theg the Diſtance; oſ the 
point to which it is a lere tecken d from: the 
Center, e e . 
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communicate Motion to a third Wheel, IM} * 55 


In that Caſe, that be Pouer may fu 


how the Weight, its Rutio to the Weight'is compou 


nd- 


N «bythe Weight and-the Power. (Plare V. Er 7) 


ee ee ee. LA. ES . — 
” 
, 


+21 Hook, or any other 


ed of the Ratio of the Diameter of the Axis of the laſt FAS 
Wheel; to the Diameter of the firſt,” and the Ratio of 
the Revolutions of the laſt Wheel, to the \Revolution bt 
the firſt in the ſame Timm. 
The Demonſtration. of which Rule is alſo de. 
duced from the Compariſon of the Ways run thro' 


Experiment 2.J. 5 the Power refreſented by 
"the Weight M be applied to the Wheel. A B, and 
the Weight P to the Axis of the Wheel E.G; the 
Diameter of that Axis is the eighth part of the 
Diameter of the Wheel A B, and this Wheel 
goes round five times, Whilſt the Wheel FG 
goes round once: therefore the Ratio of the 
Power to the Weight i is compounded of the Ra- 
tio's of 1 to 83 and 1 to 5: therefore it is tbe 
Ratio of 1 to 4d: half a Pound in hw Caſe ſu-· 7 

| ee Porn, N n . An N A 
„ nt.” | 
Baue 1g | Of le PULLEE 


N "ac Caſes where the Axis in Petits 
chio cannot conveniently be applied, Pullies 
ny be made uſe of to raiſe Weights; à Ma- 
2 by combining ſl everal” of them, lies 
in a li compals, and is eaſily carried about. 
What a Pulley is, has been 5 explain d. 
115 [fithe Weight'be fix 'd to, the Paley, ſo that 
it may be drawn up along with it, each end of 
the Drawing RAe dope ſuſtains Half rhe 
Weight: Tefere wer in Endl in f d, either to 4 
way, the mov Free o. Power 
-applied'ro ADE, If it be uu, b ha 
Weight, Oe" N 
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Experimen I.] Make faſt the Weight Per 
Pounds to a Pulley (Fig. 1. Plate VI. yet ſo + 
the Wheel or Sheave may not be hinder'd from 
wo round; let one part of the Rope ef be 
tied to a Hook; and the other end c d go round 
the fix d Pulley, to age the Direction,“ the 
Weight M of one Pound fix'd to this end of the 
Rope, will ſuſtain the Weight 8 
Several Sheaves may be join *d in any manner, 
and the Weight be fix d to them then if one end 
of the Rope be fix d, and the Rope goes round 
all choſe Sheaves, and as many other fix'd ones 
7 0 e 2 great Weight may be raiſed by 
ll Power: in that caſe the greater the Num- 
15 Sheaves in a moveable Pulley, or of move- 
able Wheels, (for the fix d ones do not change the 
Aion of the Power) ſo much may the Power be 
kfs pbic ſuſtains the Weight; and a Power which 
abt as the Number One ko twice the Num- 
ber of the * Sheaves, 1 will ſuſtain the Weight. 
The Reaſon is, \ char the Number laſt menti- 
oned is the Number of the Ropes that ſuſtain " 


the Weight, and. the es, is pplied only to 


one Rope. 
NB. he innen in England call & Block, the 
Box. or piece of. Wood. that has one or ſeveral — 


and theſe, Wheels, Sheavey or S ecvers. 


Experi ment 2 ] Han 
to che Þ Piece A B, (Plate VI. Fig. 20, ißt which 
three Sheaves turn freely 81 Let one end 
of the Rope be Rasten d 76 an Hose, and let the 
Nope go round thoſe three Sheaves, and three 


the Weight Pof bins 


*83 


116 


783 


„ 6 


other fix d ones: he Pound fd to the other 


end'of the Rope will make an ZEquitibrium. 


t2 97 : 7130 . 


* e Thediffereot Make of 
ſhe Pulleys, or * 


rent Way of joining the 
Sheaves 
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Sheaves together, makes no Alteration ; the la 
ſort is not very convenient for raiſing Weiphts 
and therefore Workmen' make uſe of unequal 
Sheaves, join'd together in the manner repre- 
ſented in Fig, 3. for the different Bigneſs of the 
. Sheaves' makes no Alteration.' | Oftentimes all 
the Sheaves move round the ſame Axis, as in the 
th Hg. and ſo the Pullics lie in the leaſt room. 
Now in both theſe Caſes the Experiments an- 
ſwer as before. 

When the End of the Rope, which in the fore- 
going Experiments was fix'd, is join'd to the 
Weight, or to the moveable Wheels, then the 
Ratio of the Power to the Weight is no longer 
as 1 to twice the Number of the Sheaves join d 
to the 1 75 ;. but this double Number muſt be 
- Increaſed by x ; and then where two Sheaves arc 
Join'd to the L Wein, the Ratio will be as 1 to 
10 for there ate juſt ſo dae Ropes, Wot ſu- 

in the Weight. See Plate I. Fig. 5. 


1 1175 Experiment 5. ]. If ſeveral | . Pulle 


with one Wheel in each, and each having its own 

particular Rope, be diſpoſed in the manner re- 

eſented in Plate VII. Eg. 1. the Action of the 

; ne will be very, much increaſed ; for every 

cel doubles it, and therefore it is four times 

greater with two Wheels, Nr eight times great 
er wich three, and ſo ou. 

The Rule above · mention d. (namely, that the 
Spaces gons thro by the Power and Weight, 
when they balance each other are t0{one another 
_ Inverſly.as the Power to the Weight, Way be ap 

plied in all the Caſes aboye · mention 
Here we always ſuppoſe e pes rale 
at 


we ſhall hereafter ſhew wh erence un 


| by the Obliquity:of the Ropes. 


#110; da N mib od: 10 und 35 
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e. of teWED GEodSCREW. 


the Rom what has been ſaid it plainly appears, 
$4 how a great Weight may be ſuſtain d, or 
eren raiſed by a little Power; but thoſe are not 
om. the only ways of producing the ſame Eflect Me- 
an ·¶ chanicks are not confined only to theſe Methods: 
the Actions of Powers may be increaſed in all 
Caſes: A very good Inſtance of it appears in the 
be eg e, which is contrived for cleaving Wood, 
s ad allo uſeful in ſeveral other Caſes. 


ind WI ot 'Dxxrx1710N n 

t be 1 Wedge is a Priſm of a ſmall Height whoſe 118 

15 Baſes are equicyural Triangles, as A, Phe Hg. 6. 

1 ſu- r Dzx1N1T10N 1 
5 . the Triangle is we High of the 

* Wedge; as db. 3 

illies bo 

own Wet Divtwtrich WE 325 

A4 The Boſe of the Ti bu aca the Bk of 

5 . 151 "up 5 

imes D W. | | 

reats "The Ele of the Wedge is a Right Line, which 


jos the Vertices of the Triangles ; as bf. 

Tde Edge of the Wedge is applied for cleav- 
ng Wood; and the Power is the Blow of a 
Hammer or Mallet, "which drives the Wedge. 
into che Wood. 

When the whole Wedge i is driven in, the Space. 
zone thro by means of the Blow or Blows, is the 
N of the Wedge, which therefore; may be. 
lack d upon as the Space gone tho by the, 
der; . the Space which ch che Wood og 

0 


or w 7 
* — 1 50 ooo — 
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through as it yields on each fide, is half the Bak 
119 of the Wedge. Whence it follows, That the Power 
is to the Reſiſtance of the e hen its Action is 
| equal to it) as the half 4 the . #3. 10 in 
| Heig ht. 
What. is 7 25 ſaid of the Refi aer of the 
Wood nay be app lied wo al. the other Uſes of 
the Wed 1 88 
— ok Wooden Ruſers AA, AA, are hep 


kk a. cnet 4.20 


on the nde 
Between — are l the two 5 Battek "6 oĩ 
Wooden Cylinders E E, which turn upon ſmall 
Steel Axes that come out. behind the Rulers, 
©:” have a ſmall Return at their Ends, or the Baſes 
are bigger than the Cylinders; each Return is a 
little convex on the outſide, that the Friction 
againſt the Rulers C C, C , may be the leſs. In 
the middle of each Ruler A A, there are two Pul- 
lies d, d, which almoſt rouch one another, and 
whole upper Part is even, withe the wn. of the 
Rulers CC: 

The Rope, Which in . niddle carries the 
Weight P, goes round the Pullies d, d, and each 
8 of it is 5 to the Axis of one Cylinder E, 

| means. ok Plate that has a Hole:;thro 
Ai 8 A 5 Gor, This other Weight P. 

hangs, in the ame * manger ack another 

Pee e TE Ky: pauſt be carried 


cowards ne anot er in an * nog 


I: PE 8 507 aal | 
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”_=_ ee The Cylinders E Eire ſeparated 
n 5 by letting down” rhe Wedge E F between them, 
0 h hich is drawn down by the Weight M, and 

my ben Have an Aquilibrium' when the Weight M 
"Xx WogethEr-with the Weight of the Wedge is to the 
s of 1 P, as tlie Half Baſe of the Wedge t to 

its H SER» * 39 (2271 Vid. C8. * 

kept The Force with-whith che" Cylinders are car- 

the Nied ro Wards one atiother, and which muſt be 
h overrame/ to ſeparate them, is here inſtead of the 
nem ¶ geſitance of the Wöbd; the Force With which 


ber With the Weight M, is here taken for a 
Blow with a Mallet; and 'ſo the foregoing Rule 
reduced to Experiment, and confirmed by it. 


— © WW: The Screw has à great Affinity: * we gy 
3 It conſiſts eee 

E woJ-25.: 2058 22 0 by 117 
Pul 514 001 T i . . 


The Geſt; which is calledthe. Mile Se or 
utſide Screw, is Cylinder out in, in 4 Helical 
", as A B (Plate L Fig: 8:)" N 2; 

The ſecoad, which is called the Female Screw; 
xInfide Screw, and ſometimes the Nat, and is 
lifferent | according to the different Uſes of the 
hine of whichò it. is made a part, is a. ſolid 


lurface is cut in the ſame manner as the Male Screw, 


: the other; as D E 
NV. B. The prominent Helical Part, is called 
he Thread of the Screw. 
"I. Theſe two Parts are to move one within WE 
den er, when the Screw is applied to uſe. It ſerves 
„ liefly to preſs together ſuch Bodies as muſt be 
„„ Foined and firmly united; for in this * 
TY, che 


2 that contains an Hollow Cylinder, whoſe concave 
that the e of the ine may fit the Cavity : 


Zoe Wege is driver ior drawn between the Cy- 
» © Winders, that is, the Weight of the Wedge, toge- 


or 131 


46 Mathematical Elements Book l. 
the ſmalleſt Power may produce a very great 
Preſſion. The Screw may alſo be uſed for raifing 
Weights. In every Revolution af it, one part 
remaining at reſt, the other is thruſt. out as far as 
the Interval between two Threads. The Power 
which moves the Screw is applied to an Handle 
or Hand-Spike ; and then the Power, which acts a; 
ſtrongly as the Reſiſtance, is to the Reſiſtante at th 
ſaid Diſtance berween two Threads-to the Peripher) if 
& Circle, run thro; by that Point of the Handle t 
which the Power is applied. For the Way gone 
through by that Point, or Plane wherewith the 
Refiſtance. is overcome, has the ſame Ratio to 
the Way of the Power. 
Here we muſt obſerve, that when the Power 
balances the Weight in any Machine whatevet, 
where no Fri&ion is ſuppoſed; that by encreaſing 
the Power ever ſo little, it will over- balance 
the Weight. But when there is any Friction, 
that Friction muſt alſo be overcome by the Pow. 
er; and how much muſt be added to it to pro- 


duce that Effect, cannot be determined mathe- 


matically. In the Machine laſt mentioned this 
Friction is very ſenſible, and alſo of great Uſe; 
for by it the Machine is kept in its Poſition, and 
cannot (either by the Action of the Bodies that 
are preſſed, or the Gravity of the Weights) te- 
ceive a contrary Motion, ſo as to be puſhed 
back to its firſt. Poſitio .. 
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may be compounded of ſeveral Levers, 


or ſeveral Wheels; and that in fach Machines 
the Power is 10 the Refiflante (when it counterba 


lances 


F F 


= 
Rs 


— 
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5 PRSAS ssw FB 


TX TE have already ſhewn®, how a Machine = 
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lances it) in a Ratio compounded of all the Ratios, , 
which . each fimple Machine would have 
tothe Refiſtance, if they were ſeparately applied. This 
Rule allo obtains j 124 all other Machines. 

Not only ſimple Machines of the ſame kind 

may be joined; but one may compound a Ma- 
chine of ſeveral other Machines in different man- 
ner; this will be plain 8 by: a 
ples. A att bo 


6.35 as 


3 1.J Join the © runnin * of the 122 
1 to the be flag of the Wheel (Plate VI. Fig. 5) 
apply the Power, to the Wheel: Now as in 

5 85 the Action of the Power becomes five 
mes greater by.help of theſe Pullies, and the 
ow of the Axis is but the third Part of the 
A L. the Wheel; the Ratio of the Power 
5 is compounded of the Ratios of 


15 Gs 1 ta f; it is thereforeas 1.to 15 ;* 116 
therefore one Found M F the Weight? 113 


Pp. 10 15 Pounds. 
. Axia 4 in Bericrochis may be moved bo a 123 
For this pu bis parpole the. Wheel muſt ha 
Neck, and thoſe Teeth. mult pr vob A 
be inchned as vo may ſee in the Wheel A 
er E Rb carried round bus the Screw 
Screw is called. an endleſs Screw, 
87 very nd encreaſes the Action of the Power ; 
for there are ſo any: Revolution a, of the Screw, 
or of the Handle o r to turn the 
ren once about as el has Teeth. And 
if another Wheel wich Teeth be added to the 
firſt, the Action ahn mme | 
more encreaſed. 


15 55 a7} The Machine of Pla VI. fe 9 


of an endleſs Screw, which is moved by 


8 Handle DE. 10 the Ratio of the Power 
54 7 to 


48 Mathematical Elements Bos I. 
to the Weight when it balances it, is com pom 
ed of the Ratio of the Semidiameter of che Als 
of the laſt Wheel F, to the Length of the Han! 
dle D E, and the Ratio of the Revolutions of 
that Wheel to the Revolutions of the Handle or 
Screw. The firſt Ratio in this Machine is of 
i to 30 ; the ſecond is gathered from the gim- 
ber of T eeth.; the laſt Wheel F has in its Cir- 
cumference 35 Teeth, and the Axis of the firſt 
Wheel 7; therefore che firſt Wheel goes round 
TI five nds while the ſecond heel goes: round 
once: But this firſt contains 35, Teeth; there- 
fore the Screw goes round-ſo® man times for 
* 123 one Turn of the Wheel *. The Ratio com- 
end R of theſe two is, 1 to 180, which is the 
cond Ratio ſought'; and the Ratio made up of 
that and the firſt (which is 1 to 30) is the Ratio 
of 1 to 5400, which would be the Ratio of tlie 
* ,Power.ro the Weight, if there was no Friction; 
but as it is pretty great in alf theſe Engines; the 
| Power muſt be pretty much epcreaſed to maße i it 
raiſe the Weight; tho' Rill a very ſmall Power ap- 
Ii plied to it -raiſe a ed wee ed Weight. The 
3 Handle E D may be twice or three dle er cg 
| : or {tilt longer, which will double, or triple, or 
farther encreaſe the Action of the Power And 
in that caſe a fmall Hair will 6vetcome the Force 
of 1 nnn 
| eat nib of other Compound Machines 
a1 made, w hoſe Forces ate in the fame 
Ae derer u, by Computation, by a Rule 
mentioned in the beginhing' of this Chapter; or 
alſo by comparing the Way gone through by the 
Power with that gone through by the Weight, or 
any other Obſtacle; for. their Ratio will be the 
inverſe Ratio of the So 7 the'V Wo pt: or 
Reſiſtance. . 8 ä 
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The Forces which acting contrarywiſe balance 


Poe another, are always equal; if therefore the 


Power is intenſely lefs than the Refiffance, it 
puſt run tho” a greater Space in the ſame time; 
nd that muſt always be, when its Intenſity 18 
els; for the Forces can differ in no other re- 


F* i 


r the Difference of Inreoſiry: © 


_—_c_p—_— 22 

"Of Sir:Iaac Newton's Laws of Nature. | 
N-what we have ſaid of Machines, we have 
conſider d the Actions of Powers and Weights 
og continually againſt: Obſtacles and othet 


o themſelves and contihuing in Motion, or free- 
falling; and here we muſt reaſon from Phæ- 
jomena, (as one muſt do in all Natural Philoſo- 


Sir age Newton has laid don Three, by which 
e chin that every thing that relates to Motion 
22 Rs 4 5G 

CCC "4 


in uniformly in a Right Line, except ſo much as it is 
larced' to change that State by Forces impreſs d. 


Ind incapable of moving themſelves ; wherefore 
nlels they de moved by fome extrinſical Agent, 
hey muſt neceſſarily. remain for ever at reſt. 

A Body 4405 being once in Motion, continues 


he fame. Right Line, and With the ſame Velo- 


But (finite Motion is a e 
hange of Place) how the Motiön in the ſecond 


hy} and from them deduce the Laws of Nature. 


AU bocher continud in their State of Reſt, or Mo- 


We ſee that Bodies by their Nature are inactive 


n Moti according to the fame Direction, in 


peſt, neither can we compenſate any other way 


ſefiſtances ; now we ſhall conſider Bodies left 


124 


lty, as we ſee by daily Experience; for we ne- 
ae anz Change made in Motion, but from 
one Cauſe 


Moment | 
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Moment of Time ſhould flow from the; Motio 
in the firſt, and what ſhould be the Cauſe of th 
| Continuation of. Motion, appears | wholly un 
known to me; but as it is a certain Fhænome 
non, we muſt look; upon it as Flea of Nat Bo 


3 * +. oe 
"The Change of Motion. i. 45. * proporeiouabl 
5 moving Force impreſs'd, and is always made al - + 
** to the Right Line n pred: is Force is in (P| 
preſs'd. M9711 f Naas 
II te a Body that W nreadyi in 'Motion, ano wi 
col 
bef 
fol 


tber Force be ſuptradded to move it in the ſam 
Direction, the Motion becomes quicker, and 
that in proportion to the new Force impreſs d- 
*58 When a ne Force impreſs d is contrary t 
che Body Motion, the Retardation follows ti 
— of the Impreſſion; ſo that a For 
which is double ot triple, & produces a doubl 
or triple Retardatiom . And generally all Force 
produce Changes in Motion, according to the 
Directions and Quantities; other Actions 
Forces would imply a Contradiction:: this wi 
9 more clearly: by ſuch Experiments mad 
upon oblique Forces, as we ſhall-montion | in ſom, 

of the beute San 4. 8 Ko * 
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that is, the Aftions of tue Bodies pon each other al AG 
always equal, and in contrary Dire&ions. 

4 5 ſgever dne Body acts upon ar 


her, e. tha d an equi 
50 Aa "re HAY Hy Ty Tar Wee wit 
my TER my 16 Ye equally preſs'd by th 


Stone. A Hotſe ;that:draws:a:Cirt * 
a much drawn backwaid by tie Cart 7 
n Traces r bs 


Whew 


Book . Natural Philoſophy. 5r. 
hen a Body ſtrikes againſt another, what- 
ever th Sete be; both ſuffer it equally ; but 
the Idpreſkons are contrary. This is _ 
confirmed by Experinients' of the Congreſs of 
Bodies. Haie . 

The Loadfione draws. Iron, and is 5 equally 
bun me ST 


ade ol - Experiment.) Suspend: * Loadfone; M, 
is in (Plate VAL. Fg. 2. in ſuch manner that it may 
ay be moved; then btinging à piece of Iron 
— = ſandilidiftance-of i it; the Loadſtone will 
come tothe Iron; and if you pull back the Iron 
befate the Stone be comeital it, the Stone WẽIll 
follow che Iron? Juſt as the Hon, goes towards 
the Stone and follows it en the Iron is ſuſ- 
ee eee 
& tothe Iron.“ Nit uE Imi 

hen a Man Gab in à Boat; and by: a Rope 
vals towards him another Boat juſt as big and 
a much laden, both Boats will be equally moved 
and mect in the middle of their Diſtance. If dne 
Boatbe greater than the ather, or more laden, 
the: Velocicies! tach will be different, when 
they haue diffetent of Matter; but 
the ap ay. of Moctos on. both ſides will be 

Whale, from the; Reſiſtance of the - 
— 


And this Law e uk generally in all the 
Actions of Bodies upon one another. af 6 


nene {IS i103 a8 15 neee Bes 


e, O VIB 


12 Atherton Re al they 
| ya. b 2! 20] . np, Bodies „ With. 128 n 
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N acoeletated — Moti, hoe 127 
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N | eels 2206125 : 11. 4 92 ca. 
N 11 2113 3 4159. N, 21: the 
| 128 mie: Motion, ait that whe Pau is d. the 

muniſbed; every Montego A H t 5 Tl 


The Force of Gravity acts aontinually u pon all W im 
Bogies 0 proporstom Fottheir Quadticy of Mar- A 
79 ter. When a Body falls! Keel, h Impre ſſion a1 
made upon it the frſi Moment is not /deſtroyed I for 
in / the ſecond Moment y cherefore hexe is ſuper- I in 
added to it che Impreſſon madęfin the ſecond I Ar 
129 Moment; and ſo on. The Motion then, of a Boch 20 
thas - falls freely, u ace ſrated, and that equally in — 
equal Nimes; becauſe the Force of } Gravity ads 48 

* 75 ebery Moment in che. fame manner“ and there - . 
ſore· ommunicates an equal. Velocity to Bodies I ne 

in equal Times. :2Whence that'Celexity, which is N ub 

in the Bally i always as the Time in which , 
the Body has fallen. For Example : The Velocity the 
arquired in a certain ve will be double if the , 
_ jr -and;3riple;. i che Time be ha: 
tri nr ig t 3 a4 918. 509 WWE: 2 
Let that Time bę. enpreſſed hy che Line AB the 
(Plate VII. Fig: 30 and let the g of the A, 
Time be A. In the Triangle A HE, the Lincs I po 
* 2:2; biet boing:parlle) ta che Baſe, ; 

| are drawn t Points e, 2, 3; are to n 
1 one another as heir Dillances from A, A 1, A2, i, 
Wh Az; chat is, as che Times, which are expreſſed lit 
| by thoſe Diltances ;; and expreſs;the Velocities I um 
ll of Body falling iregſy after thoſe; Times. I Nor 
Ali inſtead; of Mathematical Lines, others be taken I the 
i | with a very (mall Breadth equal to each of them, 10 
r va orig Ze thereby; 1 
aud thoſt ſmal II Sur e manner I 4. 


— the .aboyelaig; 3 — In, the leaſt I 26 
Time the Velocity Way be looke: Lagen as equa- ¶ daa 
ble, and thereſ ohe che, Space gone through in 


ö | "3 har Time K to the 1 ah 


k l. 


is dis 


n all 
Mat- 
(on 
oyed 
per- 
cond 
Body 
ly in 
Acts 
here- 
odies 
ich it 
Which 


cities 
- Bt 
taken 
them, 
reby; 
anner 
» leaſt 
equa- 

h in 
- * In 

each 


N _— 
” * 6 * 
. 
7” : 


Book J. 


each of thoſe {mall Surfaces abovementioned, if 
the Breadth of the Surface be called the Time, 
the Surface it ſelf will be the Space gone thto'. 
The whole Time A B confiſts of thoſe very 
ſmall, Times gu] nd the Area of the Triangle 
AB E, Ae he Sum oß all thoſe” very little Surfaces 
anſwering to choſe ſmall Parts of Times: There. 
tore that Area expreſſes che Space gone through 
in the 1 B. After — manner the 
Area of the Triangle AF fepreſents the Space 
gone thro“ in the Time A 1 thoſe Triasples 
ire ſimilar; und their Areas are to ohe another 
1s the Squares of the Sides: & B,. A1: That is, 
the paces fone through from une Beghtining of: the Null, 
are to 016 andther-as the Sper abe Times daring 
which the Bot fel}; We Mi mi itrn N 

8 by E: iments mage o 
the following Naachme IA e aAmnCA 
The Halance A B (D VII" Fig." 4. Y-which 


has but bne Scale, is ty in Equiſibrio; when: 
a Weight is put into 5 Scale, an Iron made in 
5 Fo 75 keeps faſt the Brachium 


ane 955 9 — U horizontal 
5 8 wn an, 2 „ 40 2a) 
Ar\fh there A chin Spring y g fixed to the 
and 22 A extended reaches to 
i, whe g is retained by help of the 
little burg z 7 is milde faſt to the Brachi- 
um A. 
of the 
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ow by this meins the leaſt Motion 
Bilince” becomes: ſenfible'; becauſe then 
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te Spring eſe pens p free,+ dies oak, and returns | 


t eh 11 aber ini Jens tir 


At eau of rhe Brachüurt B. there is a Mols, 
thro” hc to the Blook''D. 
paſſes freely, that String is-kepit. ay” — 

{ $10 rn 
, HoR-thro!' it for the 
orte * Nn, 


* making 


be 75 Hp — e Weight 
8 


— — — e 


— — 1. — —ẽ 
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making Experiments, the Weight M is raiſed up 
along the String, and when you let it go, it falls 
upon the ſame Point of the Brachiam B?! 

Experiment.] Put che one Pound Weight P into 
the Scale; then the Body M, fallingifröm the 
Height of three Inches) will moe ene Balance. 
When P is a two Pountl Weight, ler M fall from 
twelve Inches, and the Balance wilkibe>-moved. 
If you lay on three Pounds in the Scale, the Body 
M muſt be let fall from a Height of 2) Inches, 
to move the Balance and raiſe P. And in all 
theſe Caſes, if the Height from hith M falls 

taken but a little leſs, the Balaßee With the 
eight in the Scale will not be moved! 

In this Experiment, the Weight which is laid 

upon the Scale, and raiſed by the Now of the 

falling Body, is proportionable to the Stroke; 

the Quantity of Motion. unte BUdͤ follows 

- - the Proportion of rhe: Sttoke + andtthät Quan- 

tity (becauſe we make nfe&rofrtht ſame Body) is 

* 63 Proportionable to .cheCelerity*; nid laſtly, the 

Celerity here is pri toned tei the Time of the 
* 130 Fall“: Therefore the Wrights abosementioned 
follow the ſame Proportion of the Time. The 
Weights here are as the natural Numbers , 2, 3, 
and therefore the Times are in chat Proportion ; 
But the Spaces gone thro in cheſe Times are as 
35 T2, 27, or as 1, 4 which Numbers are the 
Squares of the others ein . yu Warte W n 
133 Having divided che Dime Kg CTI Ez. z) 
into che equal Farts At I 24(594%/3/B3 thro! the 
Diviſions draw Lines parallel w] w BAC; the 
Spaces" gone thro incthoſe Pats tf MIM that is, 
inthe Fe, ſecondg\ had vida Meme d8rofuppifing 
the Manents equal, vu tw. two} owes Areas 
Af, 1fg 2; M Þ Big whicly Areas, 


as:appears by the Bigrire; ate to one another as 
the unequal Manke T 9 d- 0 8 , 
\ 77 — , 
l | C * 


Velocity 
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If the Body, after it has fallen during the 
Time A B, ſhould be no more accelerated, but 
with the Celetity B E, arquired by that Fall, 
ſhould uniformly: continue its Motion during the 
equal Time BC, the Space gone thro? by that 
Motion is expreſſed by the Area BE DC, which 
is double the Triangle A BE. And therefore, 


A Body falling freely from any Height ; with that 


Time equal to the Time of the Fall (by an equable Mo- 
tion) vun thro à Space double the ſaid Height. 
Which Propoſition N allo confitm by an 


Experiment.* 2 6: 


The Motion of a Body thrown upwards is 
retarded mY ” ſame manner, as the Motion of 
a fallin is accelerated by the ſecond 
Law * 
ſpires with the Motion acquired ; and in that it 
18s contrary to it. But as the Force of Gravity 


is equal every Moment, ex Fa Body throws | 


up is equally dimgniſhed 1 hat in equal Times. 
The ſame Force of Gra generates Motion 
in the falling Body, and de oys it in the tiſin 


Body | Eo the ſame, Farces generate 
and deſtroyed in equal. times. A Body thrown up 
riſes till i it has loft all its (OE 2 and ſo $005 "up 
during the ſame, Time, that a Boch falling could have 


33 


134 


which it has acquired By that Fall, will in a 


ahn eh this Caſe. the Force of Gravity con- 125 


135 


136 


aquired a Velocity equal 7 the Flein with hich the the 


Body is thrown up. 
Let a Body be thrown e A fame Ve- 
785 that! it would acquite in falling down che 
Lage 95 C ( 8 51 J and it would a ſcend in 
Tis equal 
N equable Motion. b ee 
come up the 
as 1 * lame Hy 5 mi of Gravity, the 
dy goes thro 2 Spa ce K B, 
or. 1 As theſe tel 


E 4 


tt: 


tions: mike PIE here at 
the 


Tithe of che Fall “, and with * 136 
would 
CA thedouble of BCl but * x 
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the ſame time, and act contrarywiſe, the lefler 

muſt be ſubtracted from the greater; therefors 

the Body, after the end of the "Aſcent, will be at 

137. B. Wbence it follows, that a Body thrown up 

wil, riſe to the ſame Height rom which, falling, it 

138 world. Cart the Velocigrainhowbich!| it i thrown up, 

And therefore, abe Hage which Bodies thrown 

11 % . with, different Welocitips can Vide oe to one 
N 6h eee {theſe Fe ehecitigs.*, 

N A e e ene Wy * 


ter g 411.20 AT un 
e 15 Daun ks heavy Bodies n eie 


Weinen ene, 
wy 21 4 31h pt 8) dup 4 
s e 7.8 


XIE. 11 DH LINTEIR. what which make 
n oblique 43 8 Horixon. 
— net: 157 VII. 6, xeprefents a Line 
OY e 1 — with i ol the 
lap. repreſe nts an inc ined 
08 95 icnlag & C is let fal 
the 85 be Ne Foithe Ho: 
n ic 4 boos. 21 13904] 9 | 
25 a RASAN: oN 
AA tale, Tee N of the 


140 . e 
« Foie — 2 hg aabale As "> 4, * 


141 u. LinA Ci n adlled the eight of the Plang 
Let two eg val Hodies ds end by, the force of 


| Giabity em 291 the 
Linc A'B "and t . alo La 4 


when they are come to e 20 055 they 
PAL 85 will be got 
| Benet; There - 

1050 ey ace. Impelted, 2 


9 & 85 ares n Fra Wh 
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leſſet are equal; but the Intenſities of equal Forces are 
-efore N reciprocally as the Spaces gone through *; and 


therefore; here the Intenſicy of the Force, by 
un up which the Body is impelled along an inclined 
vg, u Hape, dis to the Intenſity Uf it, by which it is 
vn uh. directly impelled towards the Center of the 
brows I Earth; as AC to A B. Therefore, 4 Bod) laid 
to one pon dan iuclined Plane, Joſer-part of its Gravity ; 
aid the Weight required to ſuſtain it, is to the Weight 

of the Body as the Height of the Plane to its Length. 
| The Plane N'O,Q L (Mar VII. Fig.7.)is placed 
. jn an, horizontal Situgtion; the Plane ABI H 
lined notes upon Hinges; and may be fixed at any 
Height, by help of the Screw V, and Quadrant :. 
The Wooden Ruler E F has a Pulley G fa- 
ſened at one end, and revolves about the other; 


* 


142 


make; N tbe Head D, about whioke Center this Ruler moves, 


Inay be fixed (in any Place of the Slit 15) to the 
| Line Wane NO QL, by a Screw under the Plane. 
it the Mis a Wooden Cylinder,” whoſe Axis is of 
clined Neel c anꝗν whoſe Baſs ſomewhat exceed the 
et fal WCylinder 3! ſo that *a$!itttirys round along the 
e Hoe ABI Hythe Baf6s only touch the Plane. 

| The Cylinder is | ſuſtained by a String that 
goes over the Pulley G; which String is fixed 
o a thinBrafs r, bent in ſuch manner, that 
ge Axes of the Cylinder go thro” its Ends, and 


turn in them. 


of the 


e Planc making Experiments, the pulley is ſo plac d, 
5 by the inclining the ler Eb, and moving the 
orce of MHexd'D along the'Slir r +; that the String by 
"B 3 n 1 ined is parallel to the 
Ac elne Piave A BI HE 

they h Y bas U Hob 207 of mos? | 
be gol e 1] let gie Pl A BIB be in 
There-Wlined Tin any Mantięr, th 8 the Body 
led, 25M has che ſame Ratio to the Weight P, as the 


Center 


10 Length of the Plan A B io its Height A C, and 


——ä— — — — 
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the Body M, in what part ſoever of the inclined 
Plane it be ſet, will be ſuſtained upon it by the 
Weight P. 12 ; 
As the Force by which a Body is made tf 
deſcend along an inclined Plane ariſes from Gra- 
vity, it is of the ſame nature with it; and 
therefore that Force every Moment, and in all 
% Parts of the Plane is equal *: For the ſame rea- 
144 ſon, the Motion of a Body | freely running down up 
an inclined Plane, is of the ſame nature with the 
Miotion of a Body freely falling; and what has 
been ſaid of the one may alſo be affirmed of the 
bother. is therefore a Motion equably accelerated 
_ © 129 in equal Time,; and therefore the Propoſitions 
of Numb. 130, 131, 133, 134, 135, 136, 137, 
| and 138, may be here applied, if we Gal 2 
145 Motion upon an inclined Plane, inſtead of a dire 
Aſcent'or Deſeent. EY 
The Forces by which two Bodies deſcend, one of 
which falls freely, and the other runs down an inclined 
Plane, if the | ſaid Bodies a to fall at the ſame 
Time, are always to one another in the ſame Ra- 
129, tio as in the Beginning of the Fall“; therefore 
144 the Effect of thoſe Forces; that is, the Spaces gore 
| thro” in the ſame time, are in'the ſame Ratio; namely, | 
* 142 that of the Length of the Pinne to its Height.* 
In the Plane AB (Plate VII Eig. 8!) the Space 
gone through o 3 Body whilſt another falls free 
ly down the Height ofthe*Plane A C, is deter- 
mined by drawing C G perpendicular to A B 
for then the Length of the Plane A B is to it 
Height AC, as ACto AG. If a Citcle be deſcribedre 
with the Diameter A C, the Point G will be ue 
the Periphery of the Circle; becauſe an Angle in 
a Semicircle, as A G C, is always a Right; and. 
therefore a Point taken, as G, in any Inclination 
of the Plane, will always be in the Periphery of 
the ſaid Circle : Wheacc ir follows, you x3 we 
5 ords 


„ 


oy 


ok 1 
clined 
y the 
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Chords, as A G, are gone thro* by Bodies run- 


ing along them, in the Time that a Body fall- 
is freely would run down the Diameter A C ; 


de to Mad berlbore the Times of the Falls thro* thoſe 
Gra. Nnords are equal. Thro' the Point C there can 
and e drawn no Chord, as H C, but what a Chord, 
in al A G, may be drawn parallel to it (that is, 147 


ic rer gaually inclined) and equal ; therefore in a Semi- 

2 upon Weiccle; as A. H C, whether a Boch falls freely along 

th tte r Diamerer A C, or whether it falls down along pu. 4 
it has Pork, a H C, it will in the ſame Time come to f e 

of the "Point of the Semitircle. 

lead The Time of the Fall along the Ache Plane 
ſitions M B may be compared with the Time of the Pe- 
13% ent along the Height A C; which for that Time 
poſe I Megual to the Time of the Fall atong A G ; arid 
direct 1 ares of thoſe Times are to ont another 
DS AG But AB is to A C. as AC *145 


one of hd A G: therefore the Squares of the Lines * 
uclined nd A C are to one another as A to AG; and 

e ſame Mierefore thoſe Liner A B and AC are 'to dive ano- 148 
ne Ra-Whr as the Times "of © 196 Pall, along 5 and A G, | 
erefore WW; A 0; that is, the Times it thar? are d the 

res gone pater gone tbr. 


amel, Ir the” ſame Cafe imer . the 7 of the 149 


Deſcent are e qual; for l Times, when 
Space ne Bodies ret = 5 ©. he V Yanks are 


E free the ſame. Ratio 4 n 
deter. * that i IS, Fo 1 3 
A B. 8 15 5 ' en tlie 14 
gcrbelf 85 | : Gr 
cri rea 5 8 1 e t G. 

be uh the 80 8 5 48A e 
ngle in More the 'Veloc es Bt - nd C the ſame ' 
t; and tio to the 2 are x and ſo are equal. 
ination N # 21 ret the ame Ve- 150 
hery of 22 from n be „ 0 it falls 

all the etch fon or” Thug ek Plane; and fince 
Chords the 
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the Angle of Inclination cauſes no Alteration, 
a Body may run down ſeveral Planes differently in, 
clined, and even along a Curve, (which may be 
confider'd as made up of an innumerable Num. 
ber of Planes differently inclined and the Celerj- 


I! ty acquired will always be the ſame, when the Height 
| t © F 
3 Experiment 2.] In this Experiment it is to be 
: k £ 


| obſerv'd, that a Body hanging by a Thread, and 
| M2 deſcribing a Curve by its Fall, {ils in the ſame 
© manner as if it was torun down ſuch a Curve 
cut hollow in a ſolid Body without any Friction. 
Let the Body P, (late VII. Fg. 9.) ſuſpended 
by a Thread, tall irom the Height A C, in the 
Curve B C, and in the Curve DC, and inthe 4 
Curve EF G C, made, up. of parts of. different | 
Circles, and in each Caſe jt will, with the ſame 
Force, ſtrike againſt the Body Q, which is a 
reſt; and always drives it to the ſame Height. 
151 A Body that has acquired any Celerity in falling ( 
down along any Surface, whether. Flane or Curve, wil 
riſe up to 5 ſame Her along another ſimi lar Sur. 
Jace, with the ſame Velocity, in the ſame Time. 
152 A Body will,.-vith the ſame Celerity that it ha 
acquired in falling down from ꝗ certain Height, iſ 
wp to the ſame Height in any Curve whatever. 


Experiment 3,] Let the Body P. (Plate VII 
3 35 hanging. by 4 | Thicad, Gall from th 
Heigbt A O Along any Cutve BC; with th 

 Celerity whictic,has thereby acquired; ir will 
aſcend to the, fame Height” on the other gde, in 
ile CarvesCDor,CE, &CHGEF, - = 
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CHAP. X 
If the Oſcillation or Vibration of Pendulums. 


3 DaFINITIo x. | 

A Heavy Body, hanging by a ſmail Thread, and 153 
moveable with the Thread about the Point to 

lich the Thread is fix d, is call'd a Pendulum. 


The Motion of a Pendulum is an oſcillatory 
vibratory Motion. When the Weight, the 
bread being extended, is raiſed upon one ſide, 
deſcends by its Grayity, and with the Cele: 
| ky that it has acquired, riſes up to the ſame 
5 eight on the other ſide;“ and then it returns 151 
its Gravity, and ſo continues its Vibrations. 

We here ſuppoſe the Motion about the Point 
＋ {Sulpenſton to be perfectly free, and that there 
| no Reſiſtance of Air, which is very ſmall in 
„ 
The Body P (late VIII. Fig. 2.) does in its 154 
lotion, deſcribe the Arc PB E; if.inftead of 
hat Motion, a Bod) ſhould deſcend along the 
hord PB, and again aſcend along the Chord 
F, and ſo ſbould perform its Vibration in Chords; 
e Deſcent would be made in that Time in 
ich the Body by its Fall would go thro' the 
ugth of the Diameter A B;* that is, twice 147 
og of the Pendulum': in an equal Time; 
aſcends along the Chord B F;*- therefore in ,__ 
e Tine of one whole Vibration, the Body in falling 
t run thro four Diameters;“ that is, eight +, TY 
ines the Length of the Pendulum. And as the De- 
tent and Aſcent in any Chord is perform'd in 
e ſame Time, all the Vibrations in Chords, 
yhether great or ſmall, are likewiſe 'perform'd 
the ſame Time. In ſmall 3 the 

5 ros 


9 
- " * 
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from ti It is a Property ef this Curve, that in what- 156 
enduln er Point of it the Body b be placed, the Force 

e, os ¶ ich which it is carried by its Weight along the 


urye, is proportional to the part of the Curve 
ich is between that Point and the loweſt 


the ty Point of the Curve B. Whence it follows, that 
all fu two Pendulums as CP be let fall in the ſame 
of Tim loment from different Heights, the Velocities, 
B and With which they begin to fall, are to one ano- 


contin 


her, as the Spaces es to be run thro* before they 
; Alva ; 


ome to B: It therefore they ſhould be acted up- 
u by thoſe Forces alone with a Motion not ac- 
erated, they would come to B at the ſame 
loment.of Time; after the ſame manner by 33 
e Forces which are acquired, the ſecond Mo- 
ent, they alſo come to B at the ſame Time: 
he ſame may be ſaid in relation to the following 
loments; and the half Vibrations made up of 
the Forces together, however unequal they 
e, as alſo the whole Vibrations, are performed 
0 the ſame Time. ; : MET 2 7h 
It. is moreover demonſtrated by. Geometri- 157 
ans, that the Time of each Vibration i to the 
Wave of a wertical Fall, along the half Length of 


-Pendulum, as the | Periphery of a Circle to its 
B D Winter... In this Curve the lower part coin- 
to tu ides with a ſmall Arc of a Circle, as to Senſe : 
id this is the true Reaſon, why in a Circle the 


mes of ſmall Vibrations (however unequal 

ole Vibrations be) are equal; and therefore 

ſo the: Dutation of thoſe Vibrations has the 

doreamentioned:Ratig:to the Time of a verti- 
al The Durations of the Vibrations of un- 158 

ieee! Fendulumm may be compared together. 

ben ane Arcs are ſimilar, the Deviations in 

pes of the Chords are alſo ſimilar, and the 

Lines of the Vibrations in the Arcs are as the 

mes of me Vibrations along the Chords; — 13.47, 0 
— : they 5 ö 
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they are as the Times of the Deſcents aloy 
Lengths eight times greater than the Lengths Y ti 
*:54 Pendulums;“ and fo the Squares of the Durating 
*,z1 are a thoſe eightfold Lengths,* or as the Leng 
of the Pendulums. all 


Experiment 2.] Two Pendilums C P, e 
(Plate VIII. Eg. 5.) whole Lengths are as 4 tote 
are let fall at the ſame time from the Points Heir 
and p, ſo that in their Vibrations they deſcidb 
ſimilar Ares; the longer Pendulum vibrates on 
whiiſt the ſhorter vibrates twice; and ſo thi 
Squares of the Durations of the Vibrations ute 
as 4 to 1, namely, as the Lengths of the Pei 
dulums. 11 Nan <4 
When the Vibrations are ſmall, this Ratio: 
ſo. holds, tho the Pendalums ſhould not vibrat 
1 in ſimilar Arcs. ee eee 
159 he Velocities of Fendulums in the loweſt Poi 
when the Vibrations are unequal, are to one another 
as the Subtenſes of thoſe Arcs, which the Body 
ſeribes in its Deſcent. So the Veiocity of the Fo 
dy P, (Plate VIII. Fig. 2.) falling in the Arc PB 
is to its Velocity when it falls along D B, as e 
Chord P B to the Chord DB: for if you dra 
in a Circle the Lines P/, D 4 parallel to th 
Horizon, the Squares of the ſaid Chords are tt 
one another as the Lines F B, d B. The Squat 
1d Of the faid Velocities are alſo as thoſe Lines / 
10 B; therefore the Velocities are as the Chord 
100 Concerning all that has hitherto been aid 
Pendulums, it is to be obſerv d,; that it ig nt 
matter how big the Weight of the Pendulum i 
or Khether the Weights of two Pendulums 
different in Magnitude or different ſots of Be 
dies: ſince Gravity is proportionabie to 
Quantity of Matter in all. Bodies, all, Bodies i 
the ame Circumſtances ate moved by Grafit 
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Bool 
alot ird the fat Welsci Web! is alſo N 
igths 0 , the folloWing'Exp Crirhent, * ha. > , | 


\urotion 


Lengt! 


n e c. two equal or TIES = 

; * —.— one of Lead, and the other of Ivo- | | 
A by Threads, that they may 

vr EP ear 1 Lengths; let them vi- 


P, e 

4 to ate, and xherrle. Vibrations (or even all 
oints Wl r unequal! ones, ptötided they be ſmall Vi- 
deſcrivWhntions) Are petform'd'; in tlie ſame Time. 


Oftenkimes iuſtead of Thread, 4 ſmall, but 161 
if lron Rod is made uſe of, and ſometimes al- . 
two ot more e Weig ghee re to it, and it is 
ed a Compound © um; in that caſe the 
les abovementioned are not applicable ; 1 
hoſe Petiditums are reduced 75. Hale ones, by 
netmining in them fuch a Point, that if all the: 
ſeights were united in it, the Vibrations would 
of the fame Duration 4s thoſe of the con- 
n is called the Center 
D 
The Center of Perciiffh ciiſfion in 2 compound Pen-" 162 
um id Pomt in Which the Whole Force f 
e Pendulum ig as it were cötlectedl; ſo thar 
* Point iſtrikes agninſt an Obllacle, the Blow 
ll be grenter than if any ther Point of the, 
dulurtfhonldfriky againſt it.. : 
1 dra 4 2 that Wd ad e n 
Fw © 
n of oh 


es one 
0 thi 
101s att 


IC Per 


e e With, ul 163 


ron Pen Re laren is diftant 
Malo a 3: BY i BU!” "fan 
b lch 1 | 
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from the Point of Suſpenfion ; two third en of th 
Length of the Wire. 


Experiment 4.] The flat Iron AB (Plate VIII 
Fig. 6.) muſt be ſo hung up, as to vibrate about 
the End A; let the ſimple Pendulum C P, whoſe 
Length is equal to two third Parts of A B, be 
ſuffer d to deſcend at the ſame Time as the Iron; 
and the Vibrations of the Pendulum and the Ira 
will be perform'd at the ſame Time. 

k 3 yo a of — 5 — 
o' unequal, are dint e 
is Time, and this Property of Fendulums is d 
great alc in Clocks, to which an equable M 
tion is communicated by fixing on a Pendulum | 
By carrying Clocks to different Places, « 4 

has appear'd that the Force of Gravity is no, 
e e Barth, becauſe the . 
brations of the ſame Pendulum, in divers Cour 
tries have ar dfcence of Gang > ma 
Time; and that difference o 9 is mea 
ſured by Fendulums. 
164 Let there be two Pendulums, whoſe are t 
one another, as the Forces of Gravity by which tt 
ce afiuated; if they run out into ſimilar Arc 
in correſpondent Points, the Forces will alway 
have the ſame Ratio to one another; and indeed 
the Ratio of the to be gone thro”, (de 
cauſe: ſimilar Arcs are as the Lepgths of Pendi 
lams) which therefore wilt be run theo” in equi 
*;3 Times,“ that is, the Vibrations will be Nen 
ih the ſame Time. 

Ik they be med to the ame Length d 
one Pendulufn, the Square of the Tim: 
of the Vibration of the Pendulum. that \ / 
ged, is to the-Square of the Time of tht 
ibratzon before the Change (that is, to tt 
Square of the Time 6 
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dulum that is not changed) as the Length of the — 
Pendulum after the Change to its firſt Len 158 4 
which Lengrhs ate to one another, as the es | 
of 2 in on n that is not changed, 

to the F yr 2 in d Pendulum 128] 1 
chan re fore the Squares of t 
charged And the VEE in equal Pendulums axe 165 
tg one another, inverſly, as the Forces of Gravity 
ub which the Pendula- are afted upon: which 
therefore are to ane another, directly, as the Squares 
of the Vibrations NJ in the ſame Time. 

But whence this Difference of Gravi 7 4 | 
ſhall be explain'd hereafrer, eee we «ſp 


in Se ute: 


CHAP. Ix. F 
Y Preis and the Comanenication of Mo- 


From. | 


EW ery Body that is 2 Ret, kd hinder'd by | | 
no Obſtacte, m - ty *'d forward 
any other Body in Motion; td when on K. _ 
pr jn Morin, it will.contijive/tn ic, till i is Hu- 
d by ſome external Cauſe That Cauſe is 
wk by been Stroke of auothet Body againſt ir, 
ot a Stroke which itſelf gireFanotlicr $ 4 or 


it Halt a Stroke of both merti „ 
The Laws to be obſerved." n bat Perevifion, 
ae here to be explained. ke 
"All Bddjes here taken: dive are 


cauſe the Laws of Motion ot 
iu the moſt 1 


, | * m 11 an 

A 4 5 to inpin 

2 eee 
Kc 1 


wp * 
o * © 
* 
* 
, 
, * 
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n a Ger Caſes the Stroke is 2 10 4 oblique: 
When elaſtic Bodies impinge againſt one another, 
the Parts that are ſtruck yield TH and by 
the Reſtitution of the Parts, the Bodies repel 
one another, and ate ſeparared , rom. one ano 
1 Wer: 

II Bbdies that "are oft, or belag bard, there is 
no ſuch Aktion; J rl 928 in à direłi Stroke 
they are not ſeparated er the Blow, becauſe after 
roma meetin 3s a s before, . we moved Fo the 

eZine; for nothing happen c g 
che Direction. ee Effe 

I ſhall in this Chapter ſpeak er the percuſſon 
of Bodies that are not Elaſtic, and here, as alſo 
in the Whole following Chapter, 1 ſhall ſ wr 85 
direct Peteuſſionm; and confirm the whole 
periments made with the following — tgy 

ABC is a vertical Plane of Wood Almol o 
angular, about 4 Foot and à half high, and 3 
Wide at the Bottom. Plate IX. | 

In the upper part. chere is a Slit 5+ quite thro'it, 
which is horizonral, along which two ſquare Pins 
425 ſometimes more) are moved; theſe Pins har- 

hank that Roca thro” the Plane, may be 
— alt in any part of the Slit by Screws, which 


take the Shanks behind the Dae, ,or flat Board, 
as may be 1 from the Figure o f.che Pins at V. 


A little ſquare Pipe of Iron X fi E. 
Ln and may he lens, 8 . 


crew e, in the upper part of 


ee bt 
whole Length of the Pin. heb. 55 


have Hooks in the under parts, NE 
Threads or Fiddfefir o run, and ſuſtain ſuch 
Balls às P — hoſe Strings go deny 


wooden Ke which Balls are 
rais d ur 10v er d þ by racing * FT) | 
2420 a x 1 


te . 


_ .. — 
* 
4 
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The Pin from Which an hangs, is fix; | 
to ſuch a part of the Slit Aull haggs —— 1 | 
diſtant from the Line'A D ( which divides the | 
Machine into two parts vertically). juſt one Se: 
midiameter of the Ball; and that is to be done 
for all the 1 by means ; of Marks in the Suze | 
face of the Board, 

The little Pipe aud Hock from hich th 
Ball hangs, is fix d to ſuch a, 
the Thread hangs but a D 13 3-4 — 
* of the ie Ai than a e the - 

There are diviſions jn the, Pins, to deter» 
x 35 Platt of the Iron Pipes — the Pius, 
1 WW according to the bigneſs of the Balls, 
"n Wunen you uſe two Balls, 1 a0 Line AD x 
0 ntes them, and i in, that Caſ 
of i at once 15 made uſe. 5 ier 25 bo diffe- 
nt bigneſs, the great Ball fit 478. determines 
te. Akance of the little Ball from the Ss 
ad tte little Pipes are fix d at ch diy Ease 
t te Pins, that the Centers of all 
de e quali diſtant from the ae 5 Keys VS; 
whe all thoſe Centers to 10 ame Heigh Is: 


18 Which'i is to be obſety'd in all the * 
8958 , rg 


'” Wl © There are to Braſs Rulers E 


ri ſide horizontally in the Surface is 

1 . 3 tl 55 15 that their EF 
a, 755 with it. Behind each Ruler there 
. 7 1070 on Board of about 5 Inches, to tranſ- 

* EY coming. from the backſide of the 

le N00 I 11 45 $ | 9 30 0 ehind LA a Nut i in any 
1 py eriments, the 
* 17550 re Rider is e rom the Line 
h, 4196 1 0 ae 7106; of of the, Ball, Which hangs 
IC Cen 10 Ut idea, as to ſhew equal 
15 Ale by the Threads which carry 


e „ To 


N 
; Mathematical Elements Bock l 
e quake thoſe An 2 in making the Ex- 
betiments, there are 4 Indices, two great ones 
MM, and two leſs NN. J 2 8 " | i | | 

Tele Indices flidipg in 4 Groove, arc moved 
along the Slits0.7,, or, and are faſten'd behind 


by Screws. The longer Indices wach to the 
Edge of the Board, tho the Slits want about 
Incas £489) e 

The ſeparated Figure M repreſen a pens 
Indices, in which a5 is a Plate, which ſlides in 
the Groove'of the Board; c dis the Index, per- 
pridicalar”to' that Plate, avd about 3 Inches 


4 "The eber Npegted Pignis N 'repeeſenca on 
of the tefler Indices, whole Length is equal to 
the Semidiamerer'of rhe ſmaller Balls, which are 
applied to the Machine, and whoſe Diameter 
may be about 1 Inch and 2 l 5 þ were 
ate put among the great ones, becauſe they don't 
| kinder the 4h of rhe Balls: D the 
two ſmall ones ate put in the ſame Slir, when 
three Angles are to be meaſured on one ſide. 
im that Cafe the Ball Q is raiſcd up, ar riſes 
afer its fall rowards the" ide of the Board H. 
hat the Index may be placed right for meaſu- 
ring that Angie, che End G of the Ruler E G, 
which is on the fide B, muſt be join d with the 
End G of the other Ruler, placed as above · mei- 


The three Tron Screws F, F, E, ſerve to ſet 
the Machine ot Board truly vertical, fo. as to 
bring the Line AD perpendicular ta the Hort 
ron; which may; be. caſity done. by banging on 
any one of the Halls, and putting en ona of the 
great Indices; ſo that the Thread cutting any 


the Board, where you pleaſe, in 
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| on the Index, may k to the He 
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Ex. For making Experiments on Bodies that have 
. muſt uſe Balls of ſoft Clay, 

ay ein the ay Mould L. | * 

ved 

ine 

the 

out 

ater 


sin WM L repteſents all the parts join d together; 
er- tdere is 4 Hole in v, which has a communica- 
hes tion Wich tha inſide of the Mould : thre' this 
nee maſt ge a Thread, which lies irregulatly in 
the Clay, almoſt thro it. Before you put the 
O ute the Mould, you muſt anoine the inſide 
Ait wih Oil; then when all the parts have 
been, join d and preſsd together by ſcrewing on 
the Ring, rake them aſunder again, and you will 
find a ſmooth and round Clay Ball, to the Thread 
of which yu may faſten another Thread, and 
immediately hang it upon the Machine. 

The Experiments relating to elaſtic Bodies, 
are made with Ivory Balls. Lou muſt have ſix 
{mill ones; of an Inch and a half Diameter. Be- 
lides thoſe, one of double the Weight, another 
of three times the Weight, and a fourth of four 
times the Weight, r. 
In the th Experiment of the following 
Chapter,” che fix equal Balts above-mentioned, 
are hung on to the Machine at the ſame time, 
ſo as to touch one another.” And this is dene 
(fee Fige Z)] by means of the Plate m u, which 
is d to the e help of the Strews 
7% which go tlito* the Slit 5. This Plate con- 
tains four: Pins 5, 2; p, in whoſe Ernds ate 
Holes; tho which the Thtcads paſs that carty | 
the Balls. The Threads are brought to # pro- 


* 


| F 4 per 
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ſu 
G, 
he 
fe 
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per Length, andiſtaid by the Keys 4, 4,1,1, - Th 
two other Balls hang from the two Pins V, x a 
ready deſcribed. ..i {i 1/1. 
40 make the 13th Experiment of the: nex 
Chapter, there muſt be'three ſuch-Pins.as V. 
In this Machine: the Percuſſion of the Balls ir 
the loweſt part of it, is always direct; And thi 
Balls (whether you let them go from differen 
Heights, the ſame Waynor contrary Ways) wil 
*155 always come to the Bottom at the ſame Time; 
and ſo in that caſe the Percuſſion is always di 
1 rect; the Celerities at the Bottom are mo 
| . If9 by the Diviſions of the Rulers EG, EG; - for 
| in Arcs: no greater than ſuch as the Balls deſcribs 
in this Machine, the Ratio between the Arc 
and Chords does not ſenſibly differ. The Heigbes 
from which the Balls are let fall, ——— 1C 
Celexities before the Stroke; and the 5 
which the Balls riſe, their Celerities aftor th 
Stroke. 4 % 
All that relates tothe: Percuſſion of Bodiesnor 


& elaſtic, may be ee e, e the ny following 
| Caſes. ml 1 


1 1 1 ave Body ak 25 Ws Bod 
. i at Reſt, both together will continue their Ma- 
7168 tion in. the ſame Direttiam as the firſt Motion; and 
169 the Quantity of Motion in the tuo Bodies, will be abe 
 Jame after the' Stroke," as in the fing le one before iti 
For the Action of the Body in Motion upon 
the other, communicates to it all the Motion 
that it acguires; now the Re · action ob chis laſt 
in the firſt retards its Motion; and as; Action 
26 and es are equal, therefore: the Quanti- 
8 of Motion acquired by one Body, is equal to 
"I Quantity of Merion Joſt by the other ; and 
ſo the _ dee BY . 
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This Quantity of Motion is found by multi- 
ing the Maſs of the firſt Body by its Veloci- 


y 
m and: dividing-that Quantity by the Maſs of 64 


both Bodies, you will have the Velocity after 
| the Stroke. 

For Example, take two equal Bodies, in each 
of which the Quantity of Matter may be ex- 
pteſs d by One; let the Velocity of the moving 
Body be Ten, the Quantity of Motion will alſo 


de Ten, which muſt be divided by Two, the 


Maſs of both Bodies, and Five; the Quotient of 
the; Diviſion will. be the any of che 8 
after the Stroke. x - . nl nnn 7.2601 


: 


er I; 4 Take the two Ka Clay Balls 


+. <dt> bm de gg Machine of n 


— 170. Set Nie X. Fig. 1 
Let: fal the Ball P from the be anlyerable | 
to the tenth Diviſion of the Ruler E G, ſo that 


it: may ſtrike againſt nſt the Ball 80 ch — 4 | 


ſt; rakter the Stroke they will both move t 

ther, and riſe up ori the other ſide to the in 
Diviion of the othet Ruler EG: The teſt of the 
Experiments in this Chupter are made' with the 
ame ſort of Balls. Fa ASTON ya 3 


ente) If ins Bily — aha mover x 
ile ſame way, but ſlwer, they will both continue their 
Mien anche ſame Direction as before; and the 

% Motion after the Srke wil dr the fene as ll. 


rde Resſon of this Propoſition is the ſame a as 
tharof the foregoing. 
"Io this Caſe the Celerity of the Bodies a. 
the Stroke, is determined by © multiplying 
by its Gelerity, the Products o which 
Multipl;carions will 75 ive the Quantities of Mo- 
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olleRing them into one 6. 
Sum, 
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Sum, you have the Quantity. of the whole Mo- 


502 Beer if you divide by the Maſs. of both 
| * —— * a the ee te· 


| — ed *s 
pr Toca oe 


N. Fig. 2.) be let go towards the ſame 
P, with the Velocity 10, and Q; with the 
' Velocuy, & 00: the Mais of each Body is 1, the 

*63 9 7 Motion in bath together will be 16; 

hic u divide by 2, the Maſs of both By 

3 gotient will de 8; and the Experi 
ment will ſhew the Velocity 1 to be anſwer 
A 

a To * 29.8 
ö 173 25 0 When rwe e with e 

* | . are carried towards eputrary. ſides, tle 
; Mation will bo defirzad By their mating, and 

her th will be at rel. 

& Tis Bodies are nor ſeparated. afrer the 
168 4 and the Line in which they move, (an- 
*169 0 he changed; but that they may continue to 

56 in che fame Line, it is required, that oc 

| ſhould overcome the: 1 bb im- 

"Go pls a ContradiQion.* 2 fo} gies 


* Plate X. Ng 3.] Let two equi 
9 fro —.— 45 with A and 
N 2 x on A 1 a meet oy div 


watt 5 55 that Side where there is 
5 4 Quanrin 
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| The (greateſt Motion overpowers; therefore 
tc Bodics mult be carried together the Way that 
that Motion is dire&ted ;* and a Body which 168 
tus a leſs Quantity of Motion, is . in the 169 
ame Line (but in a contrary Direction) as be- 
ore the Stroke; for this it is required that by 
the Action of one Body, the whole Motion of 
the other be deſtroy d, which carinot be _ 
mleſs that Body by the Re- action loſes an e 
Juke of Motion; there remains 
———— of the Motions. 

"Kathrin the Maſs of esch Body 7 c. 
727 we have the Quantities of 3 
kaſt of which 2 the + 
greater, to have the Difference of the Motions 
which Difference, if it be divided by the _ 
oe both Bodies, will give the — after ch. 
neeting of the Bodies. re Hg 
«Experiment 4. Plate X. Fig: 4} Let the Body Q 
be moved with the Celerity 14, and an 
Body P in a contrary Direction with the Celert- 
y'6 5) aſter meeting, the Body Q continues its 
3 and carries along wich it r 
vith the Celerity 

Becauſe of the Equality « of the Bodies, the 
Quantities of Motion will alſo be 24 and 6 63 
vith I and their Difference is 8; which Number being 
hey i divided by 2, the Maſs of both Bodies; the Quo- 
ent 4 will be the Celerity aſter tho Stroke.” © | 


\Hancuwrrion . ho 

* call Relative Ceierity, b] 2 which 

we Body ir carried towards another, oy with. 

ww Bader are ſeparated ; in Motions directed ti 

S in rmtey ec * is 
; in 

m 1 


177 | 


176 


177 


178 Olvthar Caſe; the Stroke," arifhig from 0 


"ho 


| Bodies come towards one anothet. / 


for-which: reaſon we can give general Rules only 
appfoach to this Elaſticiey, the more*exaRtly will 


was made with; _ wx e are to uſe Ivory 
Balls, ſuch as are 0 4%n Ahe: Deſcription 
of the Machine; Tor the Want of perf Elaſti- 
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In the Co ugreſs of Bodies the Stroke is proportitnd 
#0:that Relabive Celerity. Fot the Force of Bodies 


ſtriking agalnſt each other, is increaſed or dimi: 
nilded according to the Celerity with which tuo 


8 15 i ip ei 1 2 100 7 93 0¹⁵ 52 40 


\ & "os 


e ar | 
in 5 Op ths Congreſs of Elaſtic Rae, i) 


De! yd Pol 011 10 


N Elaſtie Body, whoſe Figure is "Ru 4 
N dy any Boteep will, When the Ade 
that Force ceaſes, by its Elkſticity or Spring, te te- 
turn to its firſt Figure.“ 150 Ram 41014 

2 80 7 a3 16, 9919159 az esd 07 
©9827 {INGLY RO Negro! (> 
1 Body bord pebtect: Elaſticity, A 
its 2 Figure, with the Jame Birtt >with- which-i 175 


was preſi d in. 


A, FEY 


tunen f the Spring, (is equal io the —＋ ho wh 
e- the Body was alter dl. 
Aa this Chapter we ſu — this ſort of Elaſt 
Sry, Tb we — u Bodies perfectly elaſtic: 
in different Bodies the Force. 8 the Parts 
return to their former Figufe, is very unequal 


perfect Etaſticity; the nearer Bodies 


their Motion agree with theſe Nales. 

The Experiments that we ſhall mention in 
this Chapter, are tobe mate withithe ſame Ma- 
chine that the Experiments - thetaſt»Chapter 


city ad ehe he N, 00 not Male 
a ſenfidle-Eirot in the Erpemments which — 
* Wen 


book J. of Natural Philſeply. 5 77 


when Neceſſity requires, may be — 5 by 
letetmining the Difference ariſing from it. 

"Which way ſoever two Bodies ſtrike aj 
ach other, the mutual Actions of one Som as 
inſt another are always equal.“ By that Aci *1 
bi'rhe Parts of Bodies are puſh'd inwards, an 
that with equal Force in both Bodies; by the 
iſticity alſo they return with, equal Force. to 
the firſt Fi The Aktion of Bodzes upon 
exch; other, 1 their Reſtitution by. theit Spring, 
þcqual to the firſt Action From” rhe Stroke ;* 78 
whence it follows; that the 430 Bodies get apo 179 
127 is a in ela - bro c wee 4 105 
ect of each Body confider'd ecauſe o 
quality of the * — in K be Chang by 
therefore, which in that Caſe is Produced in the Mp z 07 
is of each Body by the” Stroke, is double that which 
be Stroke would' by the ſame Motion proc oduc in Bo- 
bs that have no Elaſticity;; and as in reſpect of 

de Bodies, the Change (both in reſpeft'rothe 517 
Quantity of Motion, and in reſpect to the Cel 
nity) is determined in the foregoing Cha of 


+ 


we may alſo determine what the Change will be 

tic: i thoſe, xhat is, in elaſtic Bodies: in which the 

arts PS Rules are to be obſeryed,”' ©, tl 7 

nal : 619 210 125 Habs 
ern 

dies 'Whes Bodies that are not elaſtic, ſtrike againſt ah, 180 


ber, , one Body acquires a certain Quamity 
aun, 1 would ac ire twice as much, if the." 270 


1 in Net elaftic ; and this double Quantity 14'to be added 

Ma- the 722 Mo, in order 29. derermine the Metion 

pter y er r Stroke "oP 4 45 Mr 52 by | g 
* TH: ien er 
eb +: 748 KUK in 5 P 


1221 
ſti- he ge Bodies that are ot eſt Il 22 8 
ale «6 orher . certain Ouantity of 285 
iſo; wn, it. ould boſe e twice ar mich of the Bode wor, 
hen elaſtic ; 
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; and that double Quan be ſubſtrafts 
ik Foe in ee Se. | 


 ..* _ What is ſaid of Motion muſt alſo be unde 
Rood of Velocity; becauſe in the ſame Body 
Movies 3 is Proportionable to the Velocity. 


Fee! Plat X. Fg. $] Let the Bo „ 
B 7 whoſe-Maſs is 9, Arike a 


gainſt a Body yas e Maſs is 1 WW" 
after kacke e ich the Velocity 1238 


and P continues its Motion with the Velocity; 
which agrees with the former Rules: for if the 
F He Crs of bl 
871 meeting wou 63 O tne 99 
5 would acquite g Degrees of Velocity, and by 
— I* therefore it muſt acquire - 12 Degrees 
. loſing 3 Degrees of Velocity, by the 
muſt lo 4 which if you take from 9 
the — Velocity, thete remain 3 Degrees e { 
Velocity. 022 | 


| rere. Fx R 47 If the Bod 1 
who e Maſs is a, and Velocity 8, ſtrikes the <A r 
dy Q whoſe Maſs i is 1, and which is — 


oves 4 the Velocity 
9545 1 22 again ck | 


e Rules. 
e Us 
8 7 75 1 0 K 
a 


72 805 1 5 9 $36 


* eee 22 RULE 12 


80 


2 
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TOE 1 RUDE M. 
When a Body loſes its whole Motion, and ad. acquir 
Motion the contrary way, thoſe two 15 
kited into ane um, in to have, 


ut is loft. 
| When the Quantity which is to be Ei 5 
Nie II. exceed the Quantity of Motion before the Stroke, 


K (which it muſt bo ſubſtrabted, that r 
ſe x' e ir deſtroyed, and what remains (that is, 
y 11 {Piference from that which it ſhonld Have 
iry ; racded from) gives the Motion een d 


. plate X. the Body Þ 
Fn Velocity — 2a f wo 


which is three times as heavy 9 8 
oil return with the Velocity 'Þ th 3 
Bodies not elaſtic would move * ny 

ty 3, therefore the Body P would haveiaſ. 
fPegrees of Velocity, but by .“ 5 — 
e 18; which if you ſubſtitac from the for 
elocity 12, you have 6 Degrees the come 


7181 


ermined by the following Experiments: 
urried d down in the Rules. 1 d “ 


Eoprmen 4. . . 8 1 bays 


5 5 Ade Valociy e, the TROVE 
Kh; © th LS (2 ; nia | 
PP 7 5 


LE TLDS 


MLT . 


ay by Rule III.“ In this manner may re wht 182 


Velocity 5, and. Q of triple the, Weight, with 


P with 20, and OS 4 Degrees of Velocity, 


183 
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EP EI 6. Plate X. Fg. 10.] Let P with the 


the Velocity 11, move in contrary Directions 
after the Stroke Q continues its Motion wit 
the Celerity 3, and P returns with the os 
wy 19. N * "ud * N AS : XJ $43 


1 PR Plaue X. 05 1 11 J Let the { {ame 
8 75 P and Q be. carried in contrary Dire&i- 
E ch the Celerity 16, and Q with the Ce. 

— 8; both will be _refle&ed after the Stroke 


All the Caſes of the Petcuſſions of elaſtic Bo- 
dies may be determined by the Rules above 
mention d; the following remarkable Obſerua 
tions afe aiſo deduced from them. 

When the Bodies are equal, and move the ſane wa), 
they continue their Motions,  interchanging their Veli. 


cities; if they move —_ then they a are re. 


one Body, and BC the Velocity of the other; 
the Velocities here are as the Quantities of Mo- 
*63 


. 


Elaſtici ys; it Will become & C: the. Celerity 
Ain Flee pe laſh diminiſhed dy the 
Quantity NR e bet it muſt be; diminiſhed: by 


181 


flefled- 


* 
« * * . 
» p * * ” of n 


OY l. Plate KT, Eg. I.) Let the Bodies move 
the ſame way, and jet A B be the Velocity of 


tion.“ Let the Line A C be divided into two 
equal Parts a at P, and let D b be equal to DB; 
AD or h C:giyesthe-Celerity of each Body af 
ter the Stroke, if they arg not elaſtic ;* ſo the 
Celerity B C is increaſed by the Quantity DB, 
but as je muſt be doubly increaſed becauſe of the 


double that 5 ox che Reaſon above men- 
tion'd;* and therefore it will now become Ab. 
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Therefore the Velocities A B and B C are 
changed into the Velocities AB and h C; but 


AB and C, * de he tet ate equal to 
one anorher.” T2; 


ee 8. 7 Let two eh; al Bodies P and 
the firſt with the Velocity 19, and the 200 
with the Velocity 5, be catried the ſame way; 
they will continue Veie Motion after the Strake, 
F be Cog t Velocitięs: el all F. 25 
-ofuputa tion by the foregoing Rates. 


Caſe 1. Þ t. the C 
2255 oe 7 2 1 1125 pane | 
| 1 o equ 
8 . be' 9 155 8. joy 


bodies? are each 


Ve: *174 


ele In 

dem aſter the St! Ar e to ar fame li 
| 2 55 loſt. th 

dry D B, And che "oth Mi ſt the 'whiole 


Velocity ure the contrary 
117 therefore rie hq 0 . is . 
DB; | 1 aer 

B, the ati of Ctleri oth th 

ties ; Kot 1 955 f 7 Velocity . 80 the 7181 
W 9 90 Fach Body give 

1. 


50 8 
CB is 


2 a 5 
e 1 
ede Foe tout L ads 5 


we, © the hoth be x ed 
* el =: e.1 1 5 their r Velocities. . 
When an e laftic Body 29 ikes 700 F to it that 184 
& at reft, that 1 ht e „„ 
percurtent dich be at * ar” 


'Diffe « 216 
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other will go on with all the Velocity of. the Percutient : 
which i is confirm'd by 


Experiment 10.] Let the Body P, ar the Ve- 9 
locity 10, ſtrike the Body Q which is at reſt; 


P. will be at reſt after the Stroke, and Q will go = 
forward with the Velocity 10. And this ſerves we 
to explain the ſollowms.., „ol. It 


Experiment 11.) ft, Let Eier equal Bodies 125 

P, Q, R, 8, T, V, (Plate XI. Fg. 3.) be placed 
in er Link, and touching one another ; 15 * 
the rikes with, U 
after the Stroke Þ e 8 TDA Me 1 * 
. reſt, and V 451525 

: 24h LetP a 


SA GR - 


, ' Fd 2 5 7 
— i rike off 57125 
hh, and laſtiy 
ry 190g, ſo that 8 
£61 and. Q will be 
- mobs A 


- Balls k what it LG 5570 s Move. 1 


hen 
55 KA 14 U 
4 he ATE l N 


js alſo at reſt 
ens to the © 
wing no 


no Obſ 
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LI Sock I. 


ien: it reſt, but now communicates its new: Motion 
forward to T, (in the manner above-mention'd) 

which is not able to ſtrike V that is already in 

Ve- Motion; and as the Motions of P and Q are 
reſt; equally ſwift, -and thoſe Bodies follow _ anos 


il $0 MN ther very cloſe, there is no ſenſibie Time be. 
erves ¶ tween thoſe two Communications 4 5 lotion; 
ich is the Reaſon that the Bodies V and T 
ne moved equally ſwift, and not irparated from 
dics WM each other,” 
aced W © Thoytlarive & „ ekt Lueg, with Which tes 
r; i 2 8 egg whatever” recede from each other af 
city, Lane ur the Pellive Velocity = 
man 255 came up bm one ner. 
bac e Bodies ere dot elaſtic, they would 
loci I jaithy'cofitibue —1 W 3 0 3 tab take * 
15 t ton u each ot 
t I . e CLelefity, by 3% 2 
nn come to one another, is deftroy ng he Action 
ug fro c Refficurion "of rhe "Is, equal and 
8 contraty,* and therefore it 7 the 
lame keißective N og ;, With. which they re- 
the Ineg of the 
4 M and Jes 
2) of 1 0. ſame Side, is 
* af Ms Cook apy ts 
>> For: Bodres that eee this Proj — 
145. 00 e | a0 805 * for when the 
hap- dg 8 Poe cönſpire, the {hntra Niotion — 
Rich N de Shred from the Motion * — 
Har. hs detetmine the — ay — 5 we 
be mn 2 ot t 
e e getieratedl Towatcls 2 waa 
aer the” Oder of "Motion towards one 
2 en el 1 {wo laſt Propoſitions 


l 9 nne are 
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are fully confirmed by the above. mention d Ex- 
periments. Bo 
187 gen a ſmall, Body ſtrikes. againſt another greater 
Body, which is at, reſt, the great Body acquires « F 
pes Quantity of Mation than the Jma {one had le- s 
0 


re the Stroke. 2 
The Quantity 'of Motion acquired by the 0 
great Body, is doi the Quantity, which the i 


little ne wauld. 85 if the Bodies had no El- 
Rlieity ; but in that Caſe the little 80 would MW - 


775 loſe more wan aber Motion x 80 % 


AO Ck iP lai 
6 1 K 12. Pha 32 Fg. 7 ed the Bo- 

4 Appl "6, Ne = 45, 0 amber al N 
babe Body: > weighs four mes u 


and 18 a5 eb les the 3 
*I71 { 'elocity. 5375 15 8 5, 24 1 of! 


189 Rug weed * rus. with e Ve. 
. ©t ol 10 a toward 
— „continues of 

196 tobe Ai 
* 1 Tho-Mor n 25 4 Ry Q 7 

Hoſition A 154 man Week | 2 
1 Fans 2 Ae the 
108 44 Wl tion 

I 4 - Eaperimnt 933. ate 5 1 4688 Vers that 

the two Bodies F 155 «> ern md, * rd 
between them the Body k 
the ody P, with;x8 f PVT, 


190 fatikes: upon Q STE xt, it will e 
cate to it the Celeuity, 8, that i 
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and ſo the 8 of Motion acquired by the 
The greater Number of 'unequal Bodies are inter- 
poſed between two Bodies, if the Maſſes always in- 
ceaſe from the firſt to the laſt, ſo much the greater 
will the Quantity of Motion be in the greateſt ; and 


139 


it vill be the greateſt of al (the Number of Bodies in- 


terpoſed remaining the ſame ) when the Maſſes of al 
the Bodies — in a Geometrical Progreſſin. 

Tho' the Quantity of Motion directed the 
ame way in the Congreſs of Bodies, whether 


daſtis or not elaſtic; remains the ſame, the 


Quantity of the Motion itſelf does not always 
remain the ſame, but is often diminiſſied, and 
alſo often increaſed; ſo that there is no reaſon 
to fay; that there is always the ſame Quantity 
of Motion in the World. e n 


Naa sit 0 HAP. XX Trau 8 
Mg AM 3; 0, $4 AP. XXII or mn TT 
He "$3 $,- os LIT mA 0 lit P PF 
of Motion, and oblique Perch 
: , : Th , , 
: ” 2 13 1411 k . , ""F * 1 


Ae in Motion may de acted upon by 
MMuew. Force, and dn ven according to ano- 
ther Dice&ion.; in tar cüfe the Change of Mo- 


17 k „ 4 4 \ 
4% # : 7 : 1 14 4 * + £ „ 


that Föree:“ And as the-firſt Motion is not de- 
A* by: thilt' Action, ftom theſe two Motions 
f third atiſesf according ton hew Direction 
Ter ehe Boch P (Ph NI. Eg. 9.) be * driveni-ty 


ny Perf ecbr ding to the Dire P C, anit at the 


froth tles Fire, de. d thoſe Ene, P C., FR. E 
oder to determine hat wil Happen, let the Pa- 
leloßtam PE A C be tompleated; By draws 
ng dine Eines E A CMN, Parallel to the Lines 
ibove-nientiar 5 10 be the Diagonal of- 
G 3 x 


6416" Dire. PBI aird*%r"the Celerities uri 


q $7” 
#4 4 


og de dee Proportion and Pee e 
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fate eim Ter ir be Arden by another Force, acvur ing | 
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that Parallelogram. Let the Body be ſuppoſe 
by the firſt Force, that is, with — Celetice pe 
to deſcribe the Line P E, and let that whole 
Line be carried along in the Direction, and with 
the Celerity PB; when that Line is come to þ a, 
the Body will be at p, ſo that Pb will be to PB, N ke 
as h % to h a, or A B, that is, it will be in the fer 1 
Diagonal P A, and 10 always. When the Line W ban 
PCis at BA, the Body will be at A; there MW A 
fore from a Motion compounded of the two Motions Mt Plar 
above-mentioned, there ariſes a Motion along the Dia · it ii 
gonal P A, whoſe Celerity is proportional to the Length I am- 
*53 of the Diagonal, * for the Diagonal will be run MW Lin- 
thro'-1n. the ſame time by the Body P with a Ml C. 
compound Motion, as the Line P B or PC beñ 
would have been gone thro* by the ſame Body, I han 
by only one Motion; that is, acted upon by one I 200 
of the Forces. 1 


| 127 


Jo confirm this Propoſition experimentally, I dre 

e per ng uſe! — pie. Machine. the 

191 s of two Boards, or wooden Planes, I let 

Ehe CPE, (Flas Kl. Hg. 1.) of the Fi- . 

gupe of a right augſed Triage; whoſe Side CD Raul 

Sel ngth..aboug:3-Feqt, and a half, and the I C 

| R theſe Boards ſits] 
Sth as.” n a vertical Situation I O? 

det! A gad B. 59 7 Th 
[ts hear pon, this Machine are Hei 

=T with Ivory.Balls-di an/Loch)andibalf, Dix 
The Flanes are -ſo1-joie'd, char if you Wie 

2 neee 1 to For 

ace.of a-liztle wore than be. N 

x of cher Ne gehe Lines in which io 

imaginaty Plagen interſect, ſhall beithe Auis I Se 

We ee 7 brought to. 

Bae re en Hinges, (Fx, 0 N 

, e adet into the Wood tobe: the ag 
firmer, .. lo: the: Center pf the upper Hinge A. 

N: 28 there 


— ar Rte 


Þ nn ooo nee 2 — —ͤ— — 


there is a ſmall Cylinder a, (Fig. 2.) in whoſe 
Baſe there is a Hole, which meets another in 
the Side, thro' which the Thread : h, is to run; 
at one end of this T aread a Ball, as P hangs, 
and the other end is join'd to the Key J. By 
help of the Screws F, F, E, F, F, this Machine is 


ſet perpendicular, ſo as to have the Thread 1, 14 


hang in the Axis of the Machine. 
At m, i, there are two Pins fix'd to the two 


Planes, from which Pins the Balls Q, Q, hang, 


atſuch a diſtance from the Planes, that they may 
almoſt touch them; ſo that if you ſuppoſe a. 
Line to paſs thro* the Centers of the Balls P and 
Q, it ſhall be parallel to the Plane on that fide: 
belides, it is required that when thoſe Bails 
hang at the ſame Height, they ſhall touch one 
—___ i . ae pln eel ORY 

The Threads which are tied to the Balls go 
thro! the Holes in the ſaid Pins, and are fix'd to 


the Keys 1, J, ſo that the Balls may be raiſed or 
et down eaſily, and have all their Centers brought 


o the ſame Horizontal Plane. There is a Braſs 
Ruler, or graduated Limb R, hent up in an Arc of 
a Circle, ſo as to have the Ball P riſe along it in 
its Motion; and this Limb turns one of its Ends 
ona Center, which is in the Axis of the Machine. 
This Piece of Braſs ſerves to ſhew to What a 
Height the Hall P aſceudd s. 
Each Ban Q. When it ſwirig! 


the Plane to which. it is applied ; and the Hei « | 
from which ir is made to fall, is ſhewn by at I- 


dex fixed to the Plane; to Which end there de 


four” Holes in each Plane Containing equat An- 
ges, in teſpecr co che Motion of the Threads. 

When the\Balt'Q is lev fall from any Height, . 
it ſtrikes upom che au Fand tives it to the 


lige Height in the ſame Directiou. e uy 
: > 1 „ * 0 , — : PP 4 "i * 204 * 
r de cy 16 eee in ine 
HH 


G 4 Erpe- 


\ 


** » — 
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Experiment 1.] The Horizontal Section of this 
Machine is here repreſented, (Plate XII. Eg. g. 3, 
and 4.) the Body may be driven by either of 
the Bodies Q, with any Direction an. Velocity. 
If the Bodies Q and Q are let fall at the Fo 
time, the Body P has two Motions impreſs'd 
* 155 upon it at the ſame time,“ and therefore runs in 
the Diagonal P p of the Parallelogram made in 
* x50 the manner aboye-mentioned,* to preſs thoſe 

Wo Werz oe runs up to 5. Height pro- 

nable to the ength of that Diagonal. 

Ahe Experiment anſwers very exactly, whe- 

cher the Balls Q an and Q ate (et fall from the 

fame Height, or, from unequal Heights, and 

Buds. the Angle be that i made by the two 

anes, that is, by the Dire&Qions of the Mo- 

tions, whether me Ahgle be right, acute, ot 
obtuſe. 1 

192 1 Body moved i 77 a manner in the Right Line 

P A, Plate XI. Hg. io.) may always. be confider'd 

as: 4 on 1 rue Motions ; and that as many 

Ways $4 ou Pleaſe; for you may draw as many 

ferept Para cogr ms as you pleaſe, as P B 

2 -pbac, # ac, "whole Diagonal. is the Line 

alien d; and in every, one of them, if 

ſuppofed 8. Foes” acting, in the Di- 
1 1 and P \ from which t e Celerities 
5 the Body Would have, are as the Sides 

E and P C, a Motion will always be produced 
- by he. A&ioh of 15 555 9 at one Lig will 
E e e che Diagonal 


From this. into two 
- oth erm che MEER 
1 6 que uns. 4h 
ty ag Jhe a reſt, 
| rity + A, 
: draw 
6 0 boi DE 15 Line D'B, 


35 180 and 


tion and 


-—_* — = 99 


ard then P B perpendicular to it, and finiſh the 
parallcogram ABP C, the Motion along PA 
is reſolved into two others along P B and PC, 
«BA, CA: By the Motion in the Direction 
CA, the Body P does not act upon the Body Q 
the Adtion therefore ariſes ſolely from the Mo- 
tion in the Direction along BA, that is, the Bos 
y P, by the oblique Stzoke along PA with the Celes 
uy F A, afts upon the Body Q in the ſame man- 
wer as if it ſhould ſtrike it direct along B A with the 
(elerity'B A. And ſo the Motion of the Body Q _ 
from that Adtion, whether the Bodies be daldie 
or not, is determined from what has been laid 
of direct Percuſſion. 
The Motion ol the Dody P (Plate XI. Eg. 113 
and 12.) after the Stroke is deduced: from the 
ſame Principle: the Motion along CA is not 


193 


changed ; thee by that Motion with an 

"WE ty the Body P is carried in the Di- 
F. Norm det AE be equal to C A; 
e in the Motion B A is detefmined in 


the « Change in 

een obj che rae eee rep 
tion 

ters; let the — of- that Motion be A Dy 

in Fig. 11. When che Body Boes forward, and in 

Ng. 12. when it returns from that Me- 

the Motion along 4 B. ares a com- 

pan: otion in the * Af which by 


che Direction 
a Ce (ie thou r the Stde. 190 
} x1 


ah the — x 
Motion. along A 40 is deſtroyed es — 25 


on, and pv Lok ry along C:Aris piggy 2b 9184 
the. Body P. alſo iVoarticdl in that DireGion, In 
then caſe, both dhe · Bodies do al ways i from each 
other in. Diveldions 6h ure ut Right Angle: u 
one; aber, whith weg ſobuer the Bolly P' 8 
3 Zone K ES Mt. 
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Experiment 2. Plate XII. Eg. 5.] In the Mz. 
chine deſcribed Numb. 191. let the Ball Q and! 
hang; having ſer the Planes at Right Angles, 
let the Body Q with any Direction, and from any 
Height, come down upon P, and ſtrike againſt it: 
after the Stroke the Bodies will follow the Di. 
rections of the Planes, and niſe to Heights, which 
may be determined by what has been ſaid hi- 
therto. 5 
195 We may alſo the ſame way determine the Mo- 
95 >; | 
tion of two Bodies after the Stroke, when both 
Bodies are moved, which way ſoever they come 
upon one another. The chief | Caſes are repre- 
ſented in Plate XIII. and all of them are ex- 
plained exactly the ſame way. 15 | 
Plate XIII. Fig. 1, 2, 3, 4, 5, and 6.] Let the 
Body P be moved with the Direction and Cele- 
rity P A, and the Body Q, with the Direction 
and Celerity Qa; draw the Line B, which 
goes thro the Centers of both Bodies where 
they touch one another, and let C A and c a be 
dran perpendicular to the Line above- menti- 
oned, and let the Parallelograms PB A C and 
Q bac be fill'd up. The Motion of P is re- 
ſolved into two others, of which the Celerities 
and Directions ate expreſs d by C A, BA. The 


o 


Motions into which the Motion of Q is reſotved, - 


are expreſs d by c a, ha; by tke Motions along 
2 CA and ca the Bodies do not! act upon one 
andther; therefdre theſe Motions are not changed, 
Which are qual to A C and 4e, che Percuſſion | 
| from the Motions in the Lines B A B., is direct, 
and determined in the foregoing: Chapters: Let 

the Body P move towards D, and its Celerity be 
AN, and the Body Q move towards d with the 
Celerity ad. After the Stroke therefore; che 

2 | . Motion 


and after the Stroke are expreſs d by A E and ge, 
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ation of the Body P is compounded of the g 
— along A E and A D, and moved in the 
Diagonal A p. The Motion of the Body Q. 
cher the Stroke, is compounded of the Motions 
long ac and a d, whence that Body is carried 
the Diagonal a e; and the Lengths of thoſe 
Diagonals expreſs the Celerities of the Bodies 
ger their meeting. In the Figures 1, 2, and 
z the Bodies. are ſuppoſed not elaſtic; and in 
be 4tb; 5th, :and'6th, the ſame Caſes are ut, 
kppoſing the Bodies elaſtic. There are ſome 
Laters wanting in the firſt Figure, becauſe the 
Points which are marked with thoſe Letters in 
the other Figures do here coincide with other 
* and _ nor A r th for W the 


c n A r. XXI. { Wat 
N In e. 
. 0 Obe Powers, © 8 
Ta Body P (Plate XIII Fig. 705 being 
driven 2 PB and PC, with Celerities 
proportionable to thoſe Lines; from thence ariſes 
Motion along P A, the Diagonal of che Paral- 
kilogram” P BA C, with a Celerity that is de- 
voted by that Diagonal *; if there be 4 chitd · 196 
force acting along the Line Pa, ſo that the Ce- 
krity ariſiuig from it be P A; by that Action the 
Action of | both the. ſaid * ate deſtroyed, 
nd the Body comes to reſt: If the aforeſaid 
4 ou 8 the Body will continue to be 
which happens ri the Body is: drawn | 
—— CB = "a; with the ſaid Forces pull- 
ng by Threads. Whence it follows, That 4 Bid) 196 x 
vill be ar reſt, which is dium i three Powers,” that 1 
are £0 one another as the Sides of a Triangle Wd 
a the Directions of the Powers.- II 


197 . 


Oy 11 — 


r — Boe... = 
p 0 w , *- 


92 Mar bematical Elements Bock] 


mall Board, add let there be draw upon it the 
- Triangle-A BC, whoſe Sides ate to one another 


| v6 1 We 0 C E, 


This Propoſition is confirmed — 
by the Machine repreſented in Plate XIII. Fg. d. 
It conſiſts of a round Board of about 8 Inches 
Diameter, — is in a horizontal Poſition, and 
ſuſtained bY a Foot: Round the Edge of it, 
within the Thickneſs of the Wood, is a Groote 
whey Pullies are applied-at pleaſure to any 

the Circumference ; for each Pulley has 
a Br Plate perpendicular to it, which fits into 
the Groove when the Pulley is applied, See 
the Pulley with the Plate repreſented by F. 

The Board abovementioned is a little hol- 
lowed in, in the upper part, ſo as to receive a leſs 
orbicular Board D F A, whoſe Thickneſs is about 
a quarter of an Inch, and its Surface riſes a little 
above the firſt Board; ſo that a Thread that tuns 
over any of the Pullies being extended hot 
zontally, may juſt touch the ſaid Surface. 

You muſt have ſeveral of the leſſer round 
Boards, for making different Expetiments. They 
have Paper'paſted upon them on both fides, 
that the Lines (to be iche d may 
be the more eaſily draw! upon chem. q 


t 
E. 


—— — W . —— 241! — 7 


emen x.) Let U ide the Sa of the 


— ws f 


2 3; 2 Let CR be parallel to the fide 
B of the Triangle, andtlet the fide, A C 
——— towards ! 
No if there he three Threads joined.rogethe 
at C, and ſtretchèed over the Püllies faſtened: to 
the greater Board, ſo as to be in the Lines CD, 
CE, and C B; \f ro the Thread C D you hang 


er age but 4 to the 
hread C F, the T "# not be mor d, 
and 1 remains over C; but if it be 


mar ee * ic um not be at ay” 


4 
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ln this Propoſition any Two Powers are halan- 
cd by a Third, that is, act but as One; which 
405 contrarywiſe in the Direction of that Third. 


Therefore the Actions of Two Powers may be reduced 198 


1 the Action of One. 


So when a Point is drawn by Four Powers, 
there will be an Equilibrium, if reducing Tw o 
Powers. to One, this new Power, with the 


cher Two remaining, 


be in the, 


oſition of 


Nd, 196; that is, If thoſe remaining Powers 
being alſo reduced, to, One, the Power, ariſing 
be be equal with, au acts ee 10 * 


ew Power mentibned., 


riment 2. Plate Ain. 72 1g. 225 Tt ein I 199 


Ci rawn by four Threads ; rowards 


iht of 1 Pound, towards 


wont E by two Pounds, an {ak 
D by 4 Pounds 1 and this produces. an 
drawn the T 8 wo 


brim, Having 
the ee CE 
es drawing 1 in pd 
that zes in the Jire&i 


56 with 


+ the aboyeſaid & o 
E, are 94 755 


gue 


3 5 on 


4 Pounds ; and then the Three overs drawing 


5 the Tines CB, CIKCs give us the 
of Numb. 196 : And therefore. af 98 Fore 


atis along ( CB and & P be reduced 
drawing along C A, it will act in the 


ame Di 


rection, but pull againſt the Power pulling in 


Ca and be equal 


t is here ſaid 0 Fine Four Poirers,” might 
E of Five or more ; for of Fiv 


20 to Que, we come to MA 


il Two 
ee 


? 4 


N 3 Plate Iv fe. 1.) 14% 951 C 200 


s drawn by 5 5 55 N 
CA, CB. CD. © na EP, Ade Power 
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are to one another as the Weights by which t 
Threads are drawn, and they have the (an 
Proportion to one another as the Numbers th 
vou Tee* at the Pullies ih the Figure, and ya 
have ag Equilibrium. 
he Powers drawing in B and, CD ar 
ced. to One drawing in 

e Powers drawing in CE and C F, ' my 

+ Faucet to One acting in CH; Which bring 
"to the Caſe of Numb. 198. Laitly: thoſe T0 
Le Powers drawing i in C Hand CG, are redi 
ced to One Acting 1 in Ca, which is equal to the 
Fifth drawing along C A, and pulls in the fam 
Line, but contrary wiſe. 
201 | Beſides this, we deduce from the Propoſitia 
mentioned Numb. 196, that the, ſame thing ma 

be ſaid of the, Aion of 2 Power, which has been 
Wt concetning Motion, in E foregoing C 

* 192 pter ; namely, that it may %; - reſolved *into i 
Action "of Tuo other Powers, and=that i in number 

leſs manners, bec Triangle of numberlel 

Kinds may be. made, you keep one {ide fi 

the ſatne; Thus in gines we can reduce 

Power that acts obliquely, to a dire& one; and 

can determine the Proportion between, 4 ditet 

and an oblique one: Which will appear 'by the 


following Examples, e are N by Ex 


| 


———d :} 


l »® 


"= 1 * 44 0 5 


202 en Plat NW. Bag 42/and 3.] Toth 
Lever.A B whoſe Recha are ual, apply at! 
WG he P of two Pouhds, ar 'A a Powet 
acting obliquely in the Direction A D,. and which 
is repreſented by the Weight M. If you imayint 
a Line, as D E, parallel-to the Lever in a hor: 
zoftal Poſition, and A E perpendicular to that 
Lever ; Wy if AD be wAESs 3 to 2, 1 and 


the 
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the Weight M. ot three Pounds, there will be 
an Equilibrium, 


19 he ee of the Motion of the Point A, 

the Motion of the Lever, is perpendicular to 
2 Lever, therefore it acts in the Line E A pro- 
duced. . As the Diſtance B A Aways remains the 


ming towards B, and as it were repelled in the 
Direction B A i Fig: 3. the Point A is hin- 
dered from receding from B, and ſo A is as it 
were, drawn towards B. Belides,) che Point A is 

by. M drawn towards D; therefore that Point is 
2 by three Powers, whaſe Directions are 
parallej to the Sides of the Triangle AE D; 


The Point A, by rea ſon —— 
0 es of, the Points A and B from 
the. Fulcrum, .movitg- along E A, O is drawn 
nin the ſame Force 48 P. deſcends, that 
b with the Force of two Pounds; the Force 


— SR Aon h Exeir.oos ano- 
ther as 3 to 2. The Side D E expreſſes what 
the Fulcrum ſuſtains by the Force with which 
F dot 
dawn from it in 

This Came allo may be dad of ap oblique Pow- 
00 do che Arie in Pericrochio. - _— 


= Pla XIV ger cheWeigh 
— to 2 Pulley, be fultained by Powers 
wplied on both ſides to the running Rope, but 


d Powers are equal to one another, be- 
ate ee the Rope that goes about the 
Pulley can be at reſt, unleſs it be eqnally drawn 


4 . 


- 


which therefore, to produce an Fiquilibrium, l 
nul be to One another as thole Sdes * 


* r AD muſt be of three Pounds, 


e e in the Directions AD 


of Natural Philoſopby.©— 96 


ame, in the ſecond Figure A is hindered from 


203 


a bach ſdes.* n * T _ 
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Weight P follows the portion of the Suri: of - 
the aforeſaid Tangents. | 

On the Machine, wich which theſe laſt Ex 

time are made, (the Make of which the Fi- 

gare Alone ſufficiently expreſſes, eſpecially if it 

te compared wirh the th Fig. of Plate IV.) draw 

Lines along which the Threads which go over 

the Pullies may be ſtreteh' d; in the middle of 

the Lines write down the Numbers, which ex- 

prels the Secants of the Angles which thoſe Lines 
ke wirn the Horizon; and at the Ends of the 
lines write down the Numbers expreſſing the 
Tangents of theſe Angles.” ' + 

Now in every caſe where there is an Equi- 
librium, the Weights Q'and Q are as the Num- 
ders in the middle of the Lines along which the 
Threads are firetch'd; and the Weight P as the 
* Nude ar che kndt of e two 


„ Pla NIV NO For this Er 206 
pennen we muſt make uſd of the Machine of 4 
Ns. "Plate VII Fg. 77: The Body M be- ff, 
ing laid vporaninctined Plane A By is: "Coats 
We Power drawing along M8; let MR be a 
icular do tie Horizon, and A'S: 
ar to the Surface of the Plane; in S- 
P. is to the Weight 


— — 


—— m — 


2 — — [1 - - ” — pt — 
rs ce — I 2 — —— 5 X 5 — 


R —U d CY 
— — — — 


_— —— x — 
——ä—ůͤ ̃ —— æ— — 


£ — - — — — ”S Y — * © 
* — - r * — — — —— 
* e — 3 8 
——_——— — rr . es. ot OE 3 * 


d lr 2 — 
- —— 


Line 
ey caſe where the Weight 
«che Body I as MS to MR; the Body will 


) reſt. t ae. * 55 18 obs 2 

"Thee Body M by its own” Weight gn: in 
the Direction N M, by che-indlined- Plane it is 
ſultain' d in 4 Direction perpendicular to the 
Plane, and ſo that Experiment is reduced to he 
Tropolirion of Numb. r 


N | Expiiment 8. Plate XIV. Be.n] The Brachia 207 
\the Lever A CB are equal, . 
ngle, 


98 — Ick. 


195 


Ent! ſetting the Brachium C 


105» 


2 wh rizontal / 
cauſe the Weight E hangs: As 220 e 1 w 


Angie, that if A-C he continued towards D, ang Ml i: 
B P be drawu perpendicular td E D, DC wal! 


be the half of B Cor C 0 N 
Pound p, and at Bethe 83 8e b + if 


ition, you will Haye zan 


m Lever hangiag N the 5 be 
lange the Weights;; and Jet. ts gt. Fg 

at tA; and the leſſet pe lad u pon t Fig Lex 
B Cat B; (Plat XIV. Fi 9 755 ried 
Planę vou hinder this att Weight 4 


you will again have an, ah tie 179 10 
The Brachia-gf the Lever ate equal, and by 
the Motion of th 5 he JP move eq of 3;thete- 


fore by the Fotce:of the Weight P abe Weight) 1 
is as it were diawh towards E, it a; Dire&ion 50 
endicular th; the Brachium BG; * 


tion of the vertical Flane, that We : 17 puſo thir 


horizontally ; and at laſt it is puff d, Vertical 0 
by che Forde of Gravity? betete id Weight mo 
is drawn by e 1 IR ＋1 7 
Therefore the. Farce tending towatdꝭ . the 005 
(chat is, the Walght p to the. Foree-Jtawing to #9 
Wards E, Benn SB. 5 
B E, or DC to GB:or CA; Bo to 2 1 
Which is alſo the Ratio berweey . 55 


and P. And here/therefors dne Regſon of 


Experiment is deduced from the often nee ber 

_Propofition of Numb. 2965 co "Which" All qther Mo 
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in the Line of the e e and the ſecond r 
rated towards the Earth. 
Let a Body be projected in the Line A D, pa- 


ws 
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Motion 
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Motion, it will run thro the equal Spaces A B, | 
BC, CD: by Gravity it will, in a Motion per- 
pendicular to the Horizon, be carried in the Di- 
re&ion B E, C G, or D H, which here are ſup- 


C will be Four, and DH Nine.“ The Body 


2 as F, G, H, and that Line is call d à Para- 85 
la. | . hs |; n f 


care muſt be taken that the lower part of the 
Curve at A, ſhall. have a horizontal Direction, 
that the Ball may quir it in that Direction. 
Ah muſt be divided into 9 equal Parts, of 
which A is 1, and Ag contains 4. 
When to this firſt part of the Machine, you add 
the ſecond B, (Plate XV. Fg. 4.) it reaches to 
, and g G is 8 Inches long: if upon this you 
uy the third part C, this laſt reaches to f, and 
_ FF is of 4 Inches. © | * 
Tube Diameter of the Ball P, which in making 
the Experiments is to be let fall along the Curre 
E A, is of about half an Inch; neither muſt _ 
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Ball, or a bigger Machine than what is here men- 
tioned, be made uſe of; for the leſs the Bodies 
ate, and the ſwifter their Motion, the more in 
| > orxion is the Motion retarded by the Air's 
ance; as ſhall be ſhewn. in its Place. 
hen the, Ball P is let fall from E, running 
down the Curve E A, it acquires ſuch a degree 
of Velocity, as appears to be always the ſame 
in ſeveral Trials; and with that Velocity and 
horizontal Direction, it continues its Motion. 


Experiment.] Having join d together the three 


Ball P from E, and it will ſtrike the Point F. 
Take away the leaſt Part C, and let the Ball 
come down as before, and it will ſtrike G. Laſt- 
ly, take away the Part B, and the Ball deſcend- 
ing as before, will ſtrike againſt H. 

1 ou: ſtick on a Piece of ſoft Clay upon H 


— — Ann LL OZ 


MT, this will not do ſo well in the Point F, 
becauſe of the greater Obliquity of the Motiog 


Point F will be well enough determin d by light 


| You 

: The Propoſition of Numb. 134- may. be expe- 
rimentally confirm'd by this Machine; for as we 
have alr ſaid, the Ball wee down E A 
will ſtrike the Point H. 
Coming down E A it 


quires. Celerity whick 
it could. bave acquired in 


alling in ED; with 


Ros tor An 8pdhin mages thecltogrh þ Hi equs- 
Fall pores - at yn" EB b 
| 0 „ equal to 3 

Wars Length A h or E EP. Mn e 
fy 


there; but by repeating the Experiment, the 


Parts of the Machine, as in Fig. 4. let go the 


„the Point of the Stroke will be exactly 
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A Body in Motion, continues its Motion in 
a Right Lise,“ and does not recede from 
it, unleſs a new Impulſe acts upon it; after fuch 
an Impuiſe the Motion is compound, and ſo 
from the two there ariſes à third Motion in 2 


219 Right Line alſo“ If therefore 2 Body is moved 
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218 The Force with which a Body in the Caſe 


in a Curve, it receives a new Impulſe every Mo- 
ment; for a Curve cannot be reduced to Right 
Lines, unleſs you conceive it divided into Parts 
infinitely ſmall. We haye an Example of that 


„s Motion in the Projection of heavy Bodies; and 


Center. 


9 i 


"another in all Motions round a Point as 2 


21 . Body that is conrinually d inen nud a Cov 


ter, be projected in a Line that does not go thro' that 
Center, it will deſcribe a Curve; and in all the Points 
of tt, it endeavours to recede ' from that Clurve, accord- 
ing.to the Direktion of the Curvature ;\ that is, of 
a Tangent to the Curve; fo that if the Force dri. 
ving towards the Center ſhould immediately 
ceaſe to act, the Body would continue its Mo- 
tion in 4 Right Line along the Tangent. 

A Stone whit!'d round, in a Sling deſcribes : 


Curve, becauſe the Sling does every Moment 2s 
it were, draw it back towards the Hand; but if 


you let the Stone go, it will fly out in the Tar 
vent of the Curve. wt | 


'Dzr1nirioN I. | 
92223 from the Center, ſuch 28 
the Forge by which the Sling in Motion is 
dreieck. is call g, a Coen Force. 
PERI 


I 


mention d endeavours to fly 


1 e i e form 
Had j f 0 1 ae A I ; ll | | Ml . 


y 75 r 
N 4 N „ 


du "mT t 2 
WE - 


- - ; ol | ' 
—© uy * \ | 
WIN = 


* 
— 
* 4 s 
= 
o ” 


1 1 MAT MM 
Ul in 


| N 
* ; | * 1 y * * « hy 2 4 q Y : 
i | \ N q * 7 1 0 a |} | 
| : 5 N 1 . : |- Yu - 
* | : : . . * 4 7 . L | | 
* a " ; , » | 
| ! ny f 7 * 4 
| it a > 4 ; . 
j! . ; , | - 
ny 1 * — 
| 1 g "ay | 
Ill ; g > id 
- | | [ | il Fn — 4 P — : 5 
; | il "nh | | = 1 ö . 
it E 4 9 | 
„ II ö in 
4 mn ht * FRED 
_ - by 4 N 5 
— 5 8 
1 N "A", Rl 
| il El lj * . 
- | . I j ; q 
| 1 0 0 . * ; 
| . . : 13 
HT! jj = - Hy 
. — = = — | = | - 
— . l <7 4 ta N ” : X 1 


* a 


TA variants,” Boe 


Top 443 


I 43 * * * * = 


e476 231 Samtens N * & 4 Fo 
on bt 300'230b bas *,2 * al 4 
u 73316; ; - TI nan 1 e it 
| brig bnuoq 2 | en . ee 
fit neoizaM bid: & Salis 2e a 5 1 
CCC ͤ ·—/o ͥ 
42 Alu Lean ett, 8 
N 92 ben e eee eee e e 
1 0101 bobivitl eee e chun”, 6 11. 
* its: Rad em . g Ws"; Kier 105 Kh 
48 *; 22tbofl 71620 36 tlg Fea allo watts 
* mio on bin OT; hole OM. Th 1610 0 wi 


i 1 * 
i "0" 1 * Not! * * 
Lan. 


Wa 


— 


ang 8 8D 


* 


0 > ae oy ATION anos, * e — 
is ar o Un At wet 5 todd 
Fa r e bus e ra Wir 

n en, A e hat Qt van N | 
3% 1erly ; 91076 mad „er n 


b 25701 9d) 11 A2 Th : W Wa. * N . e 
— _ zib9 mtr bigod 1 e 


1 * 
„% 


3 


— 


a 


21 1 
N E uri 105 bun (hol "jt * — y 8. : k 


ed aui = * ut unf M. „ 2{fRTS | f 
md Te nh gute a1 25 Peng.) ; 

ud; bogH 21: Din Jokd tf noon 5 

- {y* 2 4 ) L 
"3D dd ni 260 re 07 21 fate ee 

© © + x ® 19% | 
ns . 3 | 


I a01rigareT. MS" 4% 1 
* 2 I — wi * u Hider l ie AL 
a $ "2 rat . «4 a0 ; Ky dd dv wiz arte 


, 
1 
mod m gale, ons; iel, vd 294 of 
+ * 
2 nes ro? ae 8 2 Ar * erf | 
T5 - 8 . 
. +. 7 1 \ 
A. Nen : be 5 
hf 94 10% * of h =_ . - 
8 F., | 
4; ' 
* x 1 55 4 1 1 
I rr xt my 7 X. 1 9. 0 1 * by 177 
2 $14 ; * * 
. * ö 1 ' 5 0 P 
0 : 144 n 
— $ * } 4 . Wis $443: bid ox 4-4 4. att «id ww TI _ * 
4 Las \ F 
».# ul .*, 0 r 4 ID nene anne 4 — 92. 3 
— ͤ :... D ee ENT 


# 
p _ 


[| ple BED Ft, 009 5.) 


_ . of Nan hilt. | 9 


© DexinirioN 11. 3 


But the Force by which A a 5 219 
fel d. towards that Cone, 15 cal bs roi hoes 
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Theſe. Forces are by a common Name card 220 


Central Forces. 


In all Caſes. the . and centripetal Forces 221 
are equal to one another ; they act 38-COATrary | 
Directions, and deſtroy one another. 

The whitrl'd Sling is equally ſtretch d both 

and the Stone endeavours to recede from 

the Hand with as much Force as it js draum to- 
w s it, 

Central Forces are of great Uſe. i in. Natural 
Philoſophy ; ; for all the Planets moye in N 


"Tfhall huſ the 2 
C CERT c 
9 onfirm them by 
ments ; but firſt 3 d the e 


Wen theſe Experiments 2 


Plaue XVI. Fig. 1, and 3.) R 2round Board 222 
erz whole 
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n to its Center; this Foot or 

potter of it conſiſts of two Pieces ſeparated ar 
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The Pracs zol the whole Machine repre- 
ſented at C, is very ſolid; and on one fide, re- 
celves the Foot of the Table A, which; pailes 
freely thro? an Hole in the; upper part of the 
Frame C; to which is firmly join'd the wooden 
Collar F of Hg. 3. which fits f into the lad upper 
part of the Frame. Cs Mer 
The Table with its Foot bears 09nd Ard 
Piece E D, which has a Plate of 
the Ban Center 5. Tits ce 0 is fx 'd 
but Juſt above the Feet of the Frame, t hen 
the, Taple- Foot is let down 1 upon ir, the Gras 
5 5 my be but juſt ahove the wooden Collar 
is rhe lo rhe top of which ar 192 down two hon 
(Ax. 35 b y four Screws, ſuch as 
7287 4. Ig this Poſition the Table will very freely 
| wore horizontally about its Center; and that, it 
| 1 9 the more eaſily, there is lipp id on up- 
| ont 2 get cloſe © to 1 7 Tony. 0 pea is not 
t re) a {mall or 
Pep, "hoſe 8 Section 721 in bb, en 
7 join, to the Table e e of rhe Screws e, 
whoſe fir Be es taking * at the bottom 
of their Grooves, are. = one another as pne, two, 
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We rhe, ie - i are en 5 g 


fortilns 6f which; yon muſt make uſe of the 

chiqe- ok . fich is x Wooden Plane « 
ſtrong flat Board, to which 1s s petpengdicWarl 
fix d a A 5 . in whoſe upper Surfic 
are vertically E two Pullles v as Al | 
Ends,” and ewe at otie End chete 5 Aether 
dle 26, Srhich 15 por zent. Fw I 
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Beſides this, in ſeveral Experiments'you-muſt 
* uſe of Ion 1 of e 1 F, IF, 
which are laid upbn the Tables, and fix d to them 
with Screws: the Center of every one of thele 
Boxes lies juſt over the Center 81 the Table, 


where there is a Hole equal to the Hole g, 
Eg. 2.) and exactly anſwering to it, in Weh 


ole of the Box is thruſt a wooden Cylinder N, 
(Pg. 2.) -as may be feen at eV ou the middle 
e Gla 


of this Cylinder goes a Hire] Tae of about 
4 quarter of an Inch 8 So 155 0. ids are 
thicken'd at the Flame A make 
rde Hole ſomething as 5nd mooth'; that a 


read or ſmall. i= F Bay rum up 5 down 


it without 1 Acton. 

One of che . 5 + 50 a Bill, tie eto 2 
Thread" which goes Ak . Abet went 

Tube, and ie allo falten d by 4 Sow, to the 
Weight O a? which lies in P 700 
tion of the This Weight is 4 
Tower half of the Foot, from wheyce"ir Ara 
N recedes from the 4 
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This Weight is 3 ed Plate of Leadg afl of 


about 2 Inches Diameter; ix has a Braſs Cylin- 
der fix'd to its Center, whole upper part im order 
to receive the String, is cleft into two Arts, 
which ate drawn copier by.m means of A 
this Plate of Lead wi r r Feighs Ha 
aPound; add there muſt pe 1 1 
There ate oy verat ther ills fo ets . 
ſome” of qu hes 1 5 5 
7 ) which ate to be taid Naar the ace 
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diem eee Circle abe centripetal 
Farce, hy\ which,,aha” Body id rv moment draws 
7 015 towards the Center bod cegſe to ald, 
ad the Plane ſhould contiune to mave with the ſame 
Celerity 35, the Body, will begin to recede from the Cen- 
ter (in xefpecs of the: Plane). in @ Line which | paſſes 
uh emer o 12 164 HARV ISAS ART „ $419 


119009 S191 321 eee 12 1 
e a 3 OA, ea y 8 | | 
N he pon Tag fch Thread being far 


22 the Center. of O af the hea: or "4 
whirled pe. 0 long til A — 


wund with it; Here the Ball js at. teſt ip reſpect | 
of the Table. and in chat ſituation it io retained | 
— 7 * ened to the Center; there- 
no Impreſſion in that Plane, e 
— by which the the String is ſirexched,. thar 
is whoſe Direction paſſes thro*: the Center f 
the round 1 And ſo, if it be leſt to itſelſ. 
i cannot the firſt ard Momeas, mars is. N 
1 15 . 
* about a 12 Jimi a 


5 . to the Center, its Mation 5s 
lat ons the contrary ns Hit . : 
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bee a The Aube whole Foot ef 
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Let the Table be/tumedaqund,andgron:wil 
abſarve, chat during; that Mbtiong the” Ball wil 
apply it ſriſ da one. vide) ofithacTzough, and i; 
cartied:rounde as me wthithipſime Velo- 
city as the Trough! Letqthæ Thurad be pull d 
ich as t bring thc Ball rieareture the Center, and 
mit will immediately tribe the oppolize ſule of the 
| Trough; becauſcit moves faſtel than the Trough, 
Ayse ibtings your Hand nearer td the H of 


os 10 giveMthbre' String, , the Bal 
L | xecedes from the Center, and firkkes thefirit gde 
| 
| 
| 


of the Tro hy” as: mor ug more lowly than the 
IPrough/3! 1 Yau Jing 19 rb OL a. n 
#Phis A cceleration when #:Body Spproache 
:nearer-to che Center, and \Rerardation 
Tevetes'ifiom/ ir,” 18'deretminied'/ by Geomertici- 
s I Body, for Example, wwhichiid driven 
de ande dhe Center CT Plc N VI. g 1 be 
Ard in the Cutvt AE; it will de faſter at 
ZundNoteriat A e Draw the Lines AU BC, 
und EQ UO ſe chat the Amas A B C und 
DE C may be e _ to one another, he Pants 
n ad R of tiſe Carre are deſoribed in cual 
aa Times by the Body; addrtherefore, a Hoch that 
ia rat tric Curve, by a: Fra ten towards 4 
ICentors is ſaid to: deſcribe roundithat Center; f 
nde the Timer. 7 16 2 MG AVI: IG 4 


op t. 
- Phe inverſe Propofiriedt as all alls dembufrsiet, 


u Plane; und deſorbas abut hy Point Area p- 
*F0rtionable' 10 the Jumet ii rumnei di of 1the Rok 
1 n 4 Furs ending td cht Non. 
9 Mani in auy Body , 


n a det 
not recede — dee Senat, uud de le 
Jol come 


FE SEES S=©TFEF3 ses 


\maanely; Then Body win ig ivved ih hy Curve 


22S FEORPSEMt a5: 


2 
-- 


i BabkcL. eee! Else 144 
wil come towards it gj and they be ſo diſpoſed, that 
will by their Weighe:lie! heavy, Fuid come to the 


| is Center 54/ppon moving the whole about that Cen- 

elo- ter, che ſight Fluid will! come towards the Cen- 

Id, ter and the hæ ay one sy from ulle Center. 

and e de pee «14 ap at de- 

the Space; the ſame may be aud, as was 

h. the t Naga „ H it be lighter chan 

dof it will came towards the Center; if 

Ball ede from it. "All which ariſes 
Bide citugal Force in the heavier 

the ? | | 
ue Experiment 37 1571 XVI. Ez. 8. K Takeda ( 
ches 5 — of about one Inch Diameter each, 1 
n it I dada Foot long, ind having hermetically: ſealed „5 
tici· ee how ner tiedito 100 4 ooo: 3 

en inthe you ave.Quickklver ater; 

) be Wl un. the ſecond, Oil of T de e rh S uium, and 
r at Spirit of Wine; in the third, Water =: a Lea- | 
8 C, den Bullet; and laſtly in the fourth, Water with | 
And aPices of Cork ; — all of eee 

Pants half emp Ty. 3, HA. £3. {1 

qual e inclined Plane: muſt be SI VERY Atte 

that Table A or (Plare XVI. Ag. 10 o 


| 
| 

| ; 

that the lower part of che Plane. may come al- 1 

molt to the Center of the Table, by means of 

N 

l 


two Screws, one of which goes thro æ (Lig. 
Lee che Table be whirled round, map TE 
ply che lower part of the Tubes 2 
e | 
part oft 18 | 
82 the Cork deſcends and dicke 4 Il! 
vet part of the. Water; whilſt che Leaden Wa 
— the 1p ob:the Tube. 
1 differ en account: of 229 
l the Diſtance does 
alte Safer n Change, and heile the Celeriey 
* Which che Bedi d. There is 


— — — 


" err — IPYans * wr 


D - 1 um * . 1 = 
"iy "wm" 2 7 3 = r 2 - = 2 ” as ates} Bs 
arts. — - — — - — — => — — 
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112 Mathematical Elmont- Book I. 
hothing elle that can makeany difference in theſe 
Forces: And theſe:arealt the Things to be con- 
fidered wien we compare Wers together. 
1292 113 20187703 oon iu ul I, 3 
52) Det rr irron IV. 912 kg 2 


8 5 hc a Body 
roumd u Center p Whole Revolution 
Fi if i it Gelcribes a Curve thar returns into 
Ir {elf, the Time elapſed between its departure 
from: and return to a Point: If the Curve dots 
not return into itſelf, inſtead of a Point we muſt 
1 5 a Line I N thro its ier. 
The Periodical Time depends upon the Cele- 
rity bf the Body; and thetefore in comparing 
central Forces, it muſt be taken fot the Velocity. 
IN ben the Periodical Times are equal, and the Di. 
ftancet from the Center are alſo e . the centrd 
e ar the Quantities 75 Ma in the revohving 


| b \ 
FHV 4938, 1 MG 655: 


«Ein: Phie XVI 22710 Ot the thre 
Wheels or P Wed 83 in the Defcrr- 
miei of tb bre the leaſt to the 
abfe A; (Fare vo the two Tables A and B be 
SA at tlie ſame time by the Morion'of the 
NY Dy y may run round: ina Ti —. 


fix the 1 1 5 toughs FF 
8 Gn otfeait Gale Pabe 
it be Na 15 thrs* tlie Center Holes of the 
0 the Feet 5 the Tables; |) 
IACE b of half a P the Trough 
ct. 15 md" War Io, ePourid in the 


HE Fee 2 to the Balls 

& tre 9g ere ee ox Hen 
erpnts in ons r 8 
gee of the Tahles 15 5 hey cl 


5of the A bw 1 when the 
-the Weights not 
8 


— ds 55 
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iſed may be equal; now if the Weight in the 
Separation or Hollow of the Foot of A be one 
pound, that in the Separation of B mult be half 
found; or if this laſt ſhould be one Pound, 
e other muſt be two Pounds. | | 
Let the Wheel Q be turn'd round faſter and 
und faſter, till by the centrifugal Force of the 
balls: the Weights above mentioned be raifed, 


Bod 
ion; 
into 


232 


ture and both Weights will be lifred up. preciſely at 
does ie ſame Time; therefore Weights that are as 
mult ie Bodies will, cæteris paribus, be overcome by 

ee centrifugal Force. 
ele- ¶ Mien the Quantities of Matter in the revolving 
ring diet are equal, aud the Periodical Times alſo equal, 
ty. Forces are as the Diſtances from the Center. 


Di- 
ral 


8 edt > + 


Experiment 5. Plate XVI. Eg. i.] This Experi- 


* 


233 


vi nent is made in the ſame manner as the forego- 
: inſtead of a Ball of half a Pound, put in 
ee Trough of the Table B a Ball equal to the 
hree Wc her that is: of One Pound. Let the Diſtances | 
{cri- Nom the Center be taken in any Proportion; if 
the Ihe Weights join'd to the Balls be in the ſame 
3 be Noportion, and the Wheel Q be moved faſter 
'the Ind faſter, you will ſee the two Weights riſe ex- 
nes; Wily att che ſame Time. As for Example, if 
FE; Ne Difance:of the Ball upon A be of 12 Inches, 
bes, end the Weight join'd to it 1 Pound and a half; 

' the Wand the Diſtance of the other Ball of 8 Inches, 
ad the Weight join'd to it of 1 Pound, the Ex- 
ugh periment will ſucc eee. 
che Wen the geriodical Times are equal, but the Di- 
Jafls WMfances and the Cluanrities of, Matter in the revolving 
d to NBdiet iter, the central Forces are in a Ratio com- 
s of Nude tht Quantitier of Matter and the Diſtances; 
the rhich follows from the two laſt Propoſitions. 
the ro determine that compound Ratio, the Quenti- 


eee be maltiplis — : 


&-- alta. 


— 
* _ — — — 


00044 . > ASC nozR 


—— 


— — 


— ä — 
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its Diſtance from the Center, and the Produ Ce 
will be to each other in the Rario aforeſaid, Ce 

IO . the 
Experiment 6.] If in the laſt Experiment t ea 
Ball upon B be changed, and you place a Bal de. 
halt a Pound at 8 Inches from the Center, ad ir: 
you alſo change the Weight join d to it, and hi ry 
a Pound be uſed inſtead of a Pound; the E wu 


riment will alſo then ſucceed, and the Weighu , Po 
will begin to riſe at the ſame time. If you mu the 
tiply the half Pound Ball by its Diſtance of 


rec 
Inches, the Product is 4, and multiplying the Bo 
Pound Ball by 12 Inches, its Diſtance from ti 
Center, the Product is 12, which Products are e 
to one another as 1 to 3; that is, as the Weighthiſ eq 


of half a Pound to that of 1 Pound and a hat wi 
which are in this Experiment both liſted up at 
the. ſame Moment. 
The Differences of central Forces axiſing from 
the different Diſtances from the Center, and the 
different Quantities of Matter, may compenſit 


2 34 one another; for ſuppoſing the Quantiviet of Ma 
rer in dhe revolving Bodies 10 be in an'inverfs.Ratio i the 
Bc 


the Diſtances from the Center, tber centrul Fbrtes ui 
he equal; © — B6tce: inc in e 
ſpect of the Quantity of Matter) fo much doet 
che other exced it by rtaſon of its greater Di 
tante. 4. pr ed 461 Attn H rig, 1 Aro hn. 
Tots ga 4% *% him Son ins tnt Nd ee 
/ -Bxperinienti9) Let u Bulb of half a Pound be 
placed at the Diſtance of 44 Inches, and a By 
of one Pound at the. Diſtanee of ry durhes j cv: 
hing eſe being as mn the foregoiug Haperiment 
if the Weighes in the Haot or Spindie of eat 
Table be alike, they will riſe at che ſame Me 
„ mere erer, Nette, e ee 
23 ds There is à Caſe of 1this-Propoſitiong” when 4 
- Bodies jb by a Thread revotue about their —_ 
4:09.42?! . 3 . 


N 
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Center of Gravity. For the Diſtances from that 
Center are in an inverſe Ratio of the Weights of 
the Bodies,“ and therefore the central Forces are 9: 
equal, By the Force by which one Body en- 92 
deavours to recede from the Center, the other is 
drawn towards it ; and by reaſon of the Equali- 
ty of the Forces, they retain one another, and oonti- 
nue their Motion; if they revolve about any other 
Point, they do not continue their Motion, and 
the Body whoſe centrifugal Force overpowers, 
recedes from the Center, and carrics the other 
Body along with. it. „ 


Experiment 8. Plate XVI. Fig. 10.] Let two un- 
equal Bodies P and Q be join d by a Thread, in 
which you muſt mark the Point C, which is the 
common Center of Gravity of thoſe Bodies, when 
the Thread is ſtretch Cc. rn gl 
In this Experiment you muſt uſe but one Ta- 
ble, and fix upon it a long Trough that reaches 
beyond the Diameter of che Table both ways, = 
ind whoſe: middle Point is over the Center of | 
the Table. In this Trough you. muſt place the | 
Bodiet above · mentioned, and the Thread that i 
ſoins them being ſtretch d, the Point C'mult be | 
x in che middle ofthe Trough. When the Ta- | 
ei whit d round, the Bodies are carried | 
round with it, and remain at reſt in it. If the „ 
Point C be removed from the middle of the Box, | 
upon uhirling the Table, both Bodies will be | 
carried'to chat ehd of the Box which the Point CG | 


was placed heareſt tu. 
The Difference of the central Forces is Aſo 
detetmined from the Difference of the periodical 
Shams 56; 36 en lm d: ate net e 

When the Quantities of Matter in the Bodies 236 
„ ur und, and the Diſtances from the Center are WE 
comm} equal, rhr cemral- Forces GR KY 

Reg | 4 + 


cc 
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the Squares of the periodical Times; that is, dire&y 


as the Squares ot the Revolutions made in the 


ſame Time. 


Experiment 9. Plate xl. Fi ig. 1.] To the Te 
ble A apply a Wheel or Pulley, ſuch as b5,(Fyg.z,) 
whoſe 2 ircumference is double the Circumfe- 

rence of the Wheel which is fix'd to the Table 
B; ſo that when the two Tables are whit! 
both together, B ſhall go round twice for A once; 
that is, the periodical Time of that ſhall be dou- 
ble the petiodical Time of this. 

In each Trough' I L, IL, lay a Ball of one 
Pound at equal iſtances from the Center. The 
Ball laid on the Table B muſt be tied to two 
Pounds in the Foot, and the other Ball upon A 
is. Join d by its T hread to half a Pound in the 
Foot. Upon whirling the Tables, boch Weights 
will riſe at the ſame time: Which Weights are 
bete as f to 4, the periodical Times being as 2 
to 1 ' whoſe quares are reciprocally às 1 to 4. 

237 ever the central Fives « Fer from one Male, 
We ey may, according ro Whar Has been (ald, be 

ompared to one another”; for they ate Always is 
255 canpvundel x 1 the Rati if th e Ouaitities of 
*231 Matter in the revolving Bodies, and the Ratio of 


oo Diſta es from the 7 tex, * and alſo i an inverſe 
he 94 57 if 


Ratio UE N pic Times * 
FE: Juanyity ff Mace 29 550 
Bit * Trom Center, and divide the 


| ok: by be e "of the'Periodical Time, 
9205 uori tents bf the Divifion will = to x 575 


I Hg 11 and Rec 6, that E Is, as 


sche. 190: 22 30 62d T 


* Experime 100 Frery t 
in the 15 5 erlmeht⸗ 4 1 cis e half : 
Found, Ar che Diſtance 3 . Tiches from the 
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Center of the Table B, and let it by the Thread 
be join'd to one Pound in the Foot; let another 
Ball of one Pound be placed at the Diſtance of 
12 Inches from the Center of the Table A, and 
join'd with a Weight of 3 quarters of a Pound; 
whirl the Tables, and the Weights will be raiſed 
juſt at the ſame tine. | 

Here the Bodies are as 5 to 1; the Di- 
ſtances. as 8 to 12; the Squares of the periodical 
Times as 1 to 4; multiplying one half by 8, and 
dividing the Product by 1, the Quotient of the 
Diviſion is 4 ; multiplying 1 by 12, and dividing 


the Product by 4, the Quotient is 3. Therefore 


the centrai Forces are to one another as 4 to 3, 
which Ratio alſo the Weights in the Feer have 


to one another. - ri on 
When the Quantities of Matter are equal, the Di- 
flantes themſelves muſt 8 H the Squares of 
the perisdteal © Times, to determine the Proportion of 
r 
la that Cale, if the Squares of the periodical Times 


238 


239 


be ro one anther. as the Cubes of the Diſtances, the 


Quorients of the Diviſiqns, as. well as the central 
Forces wil 


»\ # 


Diftancgs.. \ {\ »\ « 


% . 
1 * 


"Experment f 1.) Let the periodical Times of 
Land B be n | 
the cho laſt Experiments. n 
and Jet the Diſtance from the Center on B be 
10 Inches, and the other Balls Diſtance from 
the Center be of 16 Inches: to the Thread of 
the firſt faſten one Pound and a quarter, and to 
10 Thread 90 | n ja 4 raphy 
the ow of the Foot of A; whirling the Ta- 
bles, the Weights Pl riſe tha ſame Moment, | 
In that Experiment the central Forces are as 
5t9.2, which you alſo find by Calculation.“ 
VVV | This 


be in an inveiſe Ratia of the Squares of the 


be 28 1 to 2, i manner as in 
| ake two equal 198 
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This Ratio differs very little from the inverſe 
Ratio of the Squares of the Diſtances, which 
are to one another as 200 to 512; the Cubes of 


the Diſtances are alſo almoſt as the Squares of 


241 


242 


the periodical Times : theſe Squares are as 1 to 
4, and thoſe Cubes as 125 to 512; which Ra- 
tios do not much differ. If you take other Num- 
bers, theſe Ratios will be exactly the ſame, and 
the Experiment will ſucceed in the ſame man- 
ner; but it is not ſo eaſy in the Experiment to 
vary the periodical Times or the Weights in 
what Ratio you pleaſe. 


When the Force by which a Body is carried 


towards a Point is not every where the ſame, 
but is either increaſed, or. diminiſhed in Propor- 
tion to the Diſtance from the Center, | ſeveral 
Curves will thence ariſe, in a certain Proportion. 
+, If the Force decreaſes in an inverſe Ratio of 
the Squares of the Diſtances from that Point, 
the Body will deſcribe an Elipfs,, which is an 
oval Curve, in which there are two Points call'd 
the Foci, and the Point towards which the 
Force is directed falls into one of them: ſo that 
in every Revolution the Body once approachesto, 
and once recedes from it. The Circle alſo be- 
longs to that ſort of Curves, and ſo in that caſe 
the Boom may: alſo deſcribe a Circle : the Body 
0 


may alſo (by ſuppoſing a greater Celerity in it) 
geteribe the two remaining Conte Sections, vix. 


the Parabola, or Hyperbola, Curves, which do not 


return into chemſev es. 

On the contrary, if the Force increaſes with 
the Diſtance, and that in a Ratio of the Di- 
ſtance itſelf, the Body will again deſcribe an El. 
lipſe ; but the Point to which the Force is direct 


ed, is the Center of the Ellipſe, and the Body in 


- Lain, twice recede from char Point, in this 


each Revolution will twice approach to, and a- 


Caſe 


- 


— — 


Reaſon above mentioned. 


Experiment 12. ] Hang up a leaden Ball with a 
long Thread; if the Ball be drawn back from its 
point of Reſt, it is always carried towards it by 
its Gravity, and from every ſide with equal 
Force, if the Diſtance be equal. The Ball in its 
Motion deſcribes an Arc of a Circle, which way 
ſoever it falls when you let it go: if thoſe Arcs 
are not very great, they coincide with a Cycloid, 
and the Force with which the Ball in any Point 
is carried towards the loweſt Point, is as its Di- 


ſtance from that Point ;* therefore here the +; ;6 


Force increaſes in the Ratio of the Diſtance. 
Let the Ball be pull'd back from the loweſt 
Point, and projected obliquely ; then it will de- 


ſcribe an oval Curve about that Point, which 


(when the Ball does not run out to a great Di- 
un, will hardly differ at all from an Ellipſe, 
becauſe of the Proportion of the Forces, and be- 


cauſe in that caſe the Ball does ſenſibly move in 


the ſame Plane. | 
The Center of the Aer oo is the Point in 
which the Ball is at reſt, when it is not project- 
ed: and in every Revolution the Ball does twice 


rer to, and twice recede from it. If the 
I! 


s over a Table ſo as almoſt to touch it 
when it is at reſt, and the Point over which it is, 
be mark d upon the Table, the Experiment wi 
become more ſenſible if you draw an Oval upon 
the Table with Chalk, by following the Body 
with your Hand. 2 


” 


| If the Proportion (mentioned Nunb: 241, and 243 


242.) of the Forces by which a Point is driven 
towards a Center, be a little changed, the Body 
will no longer deſcribe an Eflipſe ; but ſuch 3 


Carre an way be reduced to an Ellipe, by fup- 
dd x as. 


* 
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Caſe alſo a Body may move in a Circle, for the 


3 
: 
% 


- 


- 
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poſing the plane in which the Body moves agi- 
rated by ſome Motion, - which therefore will 
make the Ellipſis moveable. 


Experiment 13.] Every thing being as in the 
former Experiment, let the Ball be ſo thrown 
that it may run out to a greater Diſtance ; and 
then it will deſcribe a Curve which may be re- 
ferr'd to the moveable Oval: it will indeed 
twice in every Revolution come towards the 
Center, and twice recede from it; but the Place 
of the Points in which it is leaſt, or moſt diſtant, 
is changed-every Revolution, and theſe Points 
are always carried the ſame way, their Motion 
conſpiring with the Motion of the Ball. 


CHAP.» XXI. 


- ” — 
1 * 
. 7 — 


4 che Laws of Elaſticity." _ 


44 


244 


| ca le extended, and taking awdy the Force by which 


E have already ſhewn what Elaſticity is, 
aud whence. it ariſes ;* and what is its 
Effect in the Congreſs of Bodies, whether they 


- 


ſtrike one another directly or obliquely ; what 
ine the Laws of Elaſticity itſelf, | 


remains is to 
which we ſnall dg from Phænomena. 

All Bodies, in Which we obſetve Elaſticity, 
conſiſt of ſmall Threads or Filaments, or at leaf 
og -conceivedas. conſiſting of ſuch Threads; 
and it may be; ſuppoſing that thoſe Threads laid 
together make up the Body; therefore that we 
may examine Elaſticity in the Caſe which is the 
leaſt complex, we muſt conſider Strings of muſi- 
cal Inftruments, and ſuch as are of Metal; for Cat- 


1 


gut Strings haye a ſpiral Twiſt, and cannot be 


4 


Ae | 
conſider'd in the ſame manner as thoſe Fibres of 


which Bodies are form'd,., „ 
Ie Elaſticity of Fibres conſiſts in this, that they 


they 
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they are lengthen d, they will return to the Length 
which they had at firſt. | 

Fibres have no Elaſticity, unleſs they are extend- 
ed with a certain Force; as it appears in Strings 
that have their Ends fix'd without being 
ſtret ch d; for if you remove them a little from 
their Poſition, they do not return to it; but 
what the Degree of Tenſion is, which gives be- 
inning to Elaſticity, is not yet determined by 

periments. yt ph ens 
When a Fibre is extended with too much Force, it 
bſes its Elaſticity; and this Degree of Tenſion is 
alſo unknown : this we know, that the Degree 
of Tenſion in Fibres, which conſtitutes Elaſtici- 
ty, is confined to certain Limits. © 


1 


Hence appears the Difference of Bodies that 


are elaſtic, and ſuch as are not ſo ; why a Body 


loſes its Elaſticity, - and how a Body deſtitute of 
Elaſticity acquires that A Plate of 


comes elaſtic, and being heated, does again loſe 
that virtue. = | 


Between the Limits of Tenſion, that termi- 
nate Elaſticity, there is a different Force required . 


for different Degrees of ' Tenſion, in order to 
ſtretch Chords to certain Lengths : what this 
Proportion is, muſt be determined by Experi- 


245 


246 


347, 


Metal, by repeated Blows of a Hammer, be- 


ments, which muſt be made with Chords of 


Metal, as was ſaid before. But as theſe Wires 


are ſcarce ſenſibly lengthen'd, the Proportions of 


the Lengthening cannot be directly meaſured; 
therefore they mult be meafured by another Me- 


Let AB (Plus XVII. Fig. 1.) be a ſmall Wire 
ſiretch'd horizontally with à certain Force; whoſe 


Ends are fix d at A and B: let it be bent by a 


Weight hanging in the middle of it, ſo that it 


may come to the Poſition A CZ. 
1. £55364 ah e * DEF. 
4 EO 


/ 
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. ne) is 110 at one End of the Rauer m u, ang 
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| of the ſame. when it war in its natural State, is cal d 


which, FS. bung TG i fee d. chat is drawn a- il the 
5 3 $5 Sagittz Ce, and the Weights 


See Plate XVII. Fj 


DrriNITI OR. : 


The Line Ce drawn from the middle Point, of a 
String or Chord after its  Anflexion, ta the midale Point 


the Sagitta (Arrow) of the Chord. 3 

Let ge be an Arc of a Circle deſcribed about Con 
the Center B, with the Radius Be. Half the 
Chord or Wire by the Inflexion was ſtretch d the Ho 


| Lengrh Ce, which Quantity has à certain rela- | 
uy tion to the Sagitta C. fo 


The Weight alſo, by which, the. ring is 
ſtretch d, has a certain, relation to the Force with Wl ni 
long B in ſexeral Experiments by 
with Which the Chords are inflected, the Propor- - 
tions of the Lengrhenings are determined; as 
will be ſhewn, in 155 alone 6 Experiments. | 

The Machine f bal va ing e 
cal Board, about 3 ot longs and 1 Foot high 


. The Rulers of W mn, mw, are d to the 
Board like 3 Moulding, and carry two Priſms 
H, H. made like a Wegge, which id along up- 
on the 22 and are fix d any where upon them 
by means of Screws, which hold them behind 
the Board, theit Shanks being _ kwards 
nl — by means, WAS a 8 in 305 ard. 


Pa 12 5 No 


38888 8 


The Wire, With. 95 . be are 


err S. . 
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at the other End goes over the Pulley T, the 
Weight P ſtretching it, and the Priſms H, H, 
ſutaining it in Points, which are equally diſtant 
fom the middle of the Machine. 12494 

There is a Braſs Plate de let into the middle 
of the Board, and mark'd with very (mall Divi- 
fions, along which moves another Braſs Plate or 
Index f g, which hangs upon the Wire, having a 
Hole thro' which it runs: this Index has a Scale 
hanging from it, which, together with the Index 
fg, weighs juſt an-Qunce. The Length of the 
Wire is determined -in each Experiment by the 
Diſtance of the Edge of the Priſms H, H; for in 
the ſmall Inflections made by hanging on Weights 
in C, concerning which alone Experiments are 
made, the String is not moved upon the Priſms, 
nor is the Weight P raiſed up, but only the Part 
AB is extended by theſe Infleftions \, *© 
In the Inflections of the String the Sagittz are 
meaſured by the Diviſions on the Plate e d; for 
the End g of the Index g c, does always deſcend 
equally with the Point C in every Inflection. 


"Experiment 1.] Let P be a two Pound Weight; 
and let the ore be inflected at C with the 
Weight of an Ounce, that is, with the Weight 


250 


of the Scale and Index Fg; and obſerve the Bi- 


viſion of the Plate e d, to which the End g of the 
Index fg defcends:* Change the Weight P to 4 
Pounds, and alſo double the Weight by which 
the String is inflected, that g may deſcend to the 
ſame Diviſion, and this Weight will be two 
Ounces: three Ounces will give the ſame In- 
flections, when the Weight P is of fix Pounds. 
From this Experiment it follows, that the 
Weight, by which a Fibre is inerenſed a certain Length 
by its flretching, is in the different Degrees of Tenfion, 


251 


as the Tenſion itſelf; if, tor Example, there be 


three 


252 © 


| Lengrhenings of the String are very 127 dere 


5252 


rity by which the Fife v. 


Fr Arc Pai hard Amar Ge Dro, and. Di al 
| zh Aiſtant from the P Point 55 where- Bu 
' + fore Dd may be ock d upon as 755 iht Line tio 
ta to c E. 108 the Lines 4 c : 4 have 4 

as * Rarjo tothe Lites cB, 46.6 8 Res : 


fore 


% + n. 
EK 


Ounce, 2 Ounces, and 3 Ounces, the Length- 
. enings will be nearly as 1, 2, and 3; that is, each 


added, do not ſenſibly differ from each other. 
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three Fibres of the ſame Kind, Length, and 
Thickneſs, whoſe Tenſions are as 1, 2, and 3 
any Weights.in the ſame hx ante will quail 
3 thoſe Fibres. 

The leaſt Lengthenings of the ſand Fibres are to one 
another wearly as the Forces by 'which the Fibres are 
lengthened. As for Example, let a Fibre be 
rech d with the Weight t of 100 Ounces, if it 
be ſeparately lengthen d with the Weights of 1 


Ounce ſuperadded does equally lengthen the 
Fibre: for the Tenſions by the Weights of 100, 
101, and 102 Ounces, by which the Fibre is 
ftrerchd in each Caſe, when an Ounce is ſuper- 7 


This Pro perty of Fibres may be ap lied to 
their Infle&ion, /and is of great Uſe. Let the Wl 177! 
Wire AB (Plate XVII. Fig. 3.) 2 + a 
as to acquire” the Poſitions A c B A <1 
255 CB, yet ſo that in 115 1 1000 on. = Ta 

itta may hot be 3 Inch long, Tu the 
Wie 2 Pest and a "half; in ble 01 the Ly 


Ae =y in t Fo 0 of the For 88 that MI,» 
produce them, ey ſerve to expreſs t em; | 
let c D expre 1 the th 0 9 Ki 


cd C, PT Dich 15 vo de 
lengthen in” 
1 9 ys preſs the whole Forces, b which the cr 


ibre 1 11 * 'eyery Caſe.” But here the Le 
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fore the Point C is always drawn towards b c 
and A, by Forces proportionable to the Line 


CBor C A; and the Force by which the Wire 
is inflected, whoſe Direction is along cC, is as 


the double Sagitta*, or as the Sagitta it ſelf. *203 
Therefore in all the leaſt Infleftions of a Chord, ah 253 


cl String, or Wire, the Sagitta is encreaſed and di- 
miniſhed in the ſame Ratio as the Force with which the 
Chord is infected. 


Experiment 2. Plate XVII. Fig. 2.] Let the 
Wire A B ſtrerched by any Weight, be inflected 
by the Weight of 1, 2, and 3 Ounces; the De- 
ſcents of the Point g, that is, the Sagittz them- 
ſelves are to one another as 1, 2, and 3. 


In Chords of the ſame Kind, Thickneſs, and which 254 


are equally - ſtretched, but of different Lengths ; = 
Lengthenings, which are produced by ſuperadding e 
Weights, are to one another as the Lengths 0 Phe 
Chordt. © This is plain, becauſe the Chord is 
equally'Aterched in all its Parts ; therefore the 
Lengthening of à whole Chord is double the 
[evgttiening e of half of it, or of a a Chord of half 
the Length. 
1 to the luflecion of thoſe Chords, let AB, 
(Pla tat XVII. Fg. 4.) be Chords of the ſame 
and Thickneſs, but of different Length: 
ay . and ſo in ected, that A B 
ſhall b e the Poſition of the. firſt ſt, and a d h that of 
the aft ; and let the Triangles B Ce, and D 
be ſimllar: c Bis to D 5, Oh" is, the Length of 
the Chords. are as C 5 to d b; therefore fr | 
Fed are lengthened in proportion to their firſt | 
and conſequently they are drawn IN; . 
855 7 Borg in the 5 5d, a d, BC, A 
But by the Likeneſs of the Triangles abovemen- 
tioned, the Forces alſo acting along e C and Dd 
ae. equal to one another“, and che Sitte Ts 5 203 
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D 4, are as the Lengths of the Chords 3 which does 


< therefore, ceteris paribus, obtain in unequal and 
inflexed Chords. 


Experiment z. Plate XVII. E J Let the 

Chord A B be ſtretched by A ht, having 

fixed the Priſms H, H, at the fixth Diviſion on 

each fide: now let it be inflected with any 

Weight, ſo that the Sagitta may be equal to fix 

Diviſions - of the Plate e d. Let the Priſms be 

brought to and fixed at the. fourth Diviſion on 

each fide, and the Sagitta will be equal to four 

Diviſions of the Plate; and ſo on for, any Poſi 
_ of the Priſms-. * a c 5 

One may compare together res of the ſame 

15 Kind, but different Thickneſs; they may be 

ooked upon as made up of ſeveral very fine Fi- 

es of the ſame Thickneſs, whoſe Number in 

the abovementioned Fibres muſt be taken in a 
Ratio of the Solidiry of thoſe Fibres, chat is, as 

the Squares of the Dlameters, or as the Weighs 

the | Fibres; when their Lengths are equal. 

fore theſe Flbres will be equally ſtretched 

Forces that are in the fame Ratio of the 

Squares of the Diameters ? which Ratio alſo is 

quired bet the Forces by which the 

equi are Eee; that the Sagittæ may be 

271 5 the given Fibres, But By diminiſhing 

the Force by which the Fibre is Aretcbed 3 in the 

{ſame Ratio 4s the Force by high it is infletted, 

* 250 the Sagitta is not changed.“ Tbereſore, if the 

256 Phrkes by which abe Fibres are firrchel bt equal, and 

they are inftetłud by"equal' Forces, even an rhar caſe 

- * lo the Sagittz We ql ru ny 5 

WMickueſt de. 0 | <2; enonerdi 


3 Az 5 e e 1 ve 


eigen d. Klas XVIL 2 Take any 
© of the ſame Kind, 2 unequal Thick 


neſs; 
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neſs; and. let them be ſeparately applied to the 


Machine, leaving the Priſms H H in the ſame 
place; if they be ſtretched by the ſame Weight 


p, and alſo be inflected by the ,ſame Weight L, 


the Sagittæ will be equal. 


Let the Cord AB (Plate XVII. Fig. 1.) ſtretched 257 


any how, le ſo infletied as to acquire the Figure 
AC B, then left to irſelf, and by its Elaſticity it 
will return to its firſt Figure, and in that caſe the 
Motion of the Point C eis accelerated; for when 
the Chord is let go from the Poſition A CB, the 
point C tis moved with the Force that is able to 
tetain it in that Poſition.” This Motion is not 
deſtroyed, but there is ſuperadded to it in all the 
points of the Sagitta, the Force by which the 
point C might be tetàined in them. The Cele- 
tity ĩs the greateſt of all at e, and by that Cele- 
tity/the Point C is catried farther, and then re- 
turning, it will perform ſevuerul Vibrations, in which 
the oint C runs out but ſhort Spaces 3 for which 
taule the Force by which the Point C is acted 
upon in all Diſtances from c, is as the Diſtance 


vin each Point. Therefore tlie Motion agrees + , 
withiethe Motion of a Body vibrating in à Cy- 


cloid, caud5\ how nnequal ſoe ver the' Vibrations: are, 
tley ars por formed in the fame Timex 
uli firetched, | unequal Barces are required to 
infleft them equally; rherefote the 9 
Times! One may com- 
th che Motions of the Pen- 


are patformed in une 
pate theip Motions 


53 


en 1 155 
Herbert le wo (gun hnd ffnildy Chords,» lun un 258 


dulyms; which vibrate in Cyeloids , and deſerl- 25 


bin im iar Oycloids byidifferent Foroes; which 
Fotves Ate inverſiy as the Squares of the- Times 


of cho Vibrations. In Chords therefore like wiſe 165 


de Skate of the Times of the Vñbrarbnt i ont 
ancheriditver fy, a8 the Forces by wich they are 


ae eee ee lee gt ee e 


* * 175 
44 ily 
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equally inflected; which are as the Weights by 


* 250 which the Chords are ſtritrhed k 
259 When the Chords are ſimilar, egually ſtretched, but of 
different Lengthi, their Motion muſt be compared 
with that of Pendulums by another Method; for 
as the Times of the Vibrations is to be conſidered, 
the Celerities alſo with which the Chords are mo- 
ved, muſt alſo be conſidered: And in the Chords 
A CB, a d& (late XVII. Fig. 4.) whoſe Sagitta 
are equal, and in which the Points C and d may 
be conſidered as deſeribing ſimilar Cycloids, the 
Celerities with hich thoſe Points are moved in 
correſpondent Points, are to each other in an in- 
verſe Ratio of the Squares of the Pimes of the Vi- 
* 15; brations.* In Pendulums and equal Chords the 
» Forces are taken for the Celerities; becauſe in 

77-63 thoſe Caſes they are in the fame Ratio!“ 
| Let the Chords A B, ab, be divided into very 
ſmall Parts, but each into an equal number of 
Parts ;, the Ways to be run thro” by correſpon- 
dent Parts, ſuppoſing the Sagittæ equal, will be 
equal, and theſe ſmall Parts will perform ſimilar 
Vibrations 3 but the Particles of Matter in the 


lerities are to one another directly as the Weights 
by which the Chors are inflected; and-invetlly 
as the Quantities of Matter; in thoſe Qherds, 
that is, inverſly as their Lengths: : Nut choſe 
Weights are alſo in an inverſe Ratio of the 
*255 Lengths, of the Chords d terefare the Geleri- 
253 ties are in ad inverſe; duplicate Ratiq af hole 
Lengths, that is, inverſly as the F the 

PST 1 þ Lengths; 
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Lengths; and then, as was ſaid before, the 
Squares of the Times of the Vibrations will alſo 
be im that inverſe Ratio. The Lengths therefore of 
the Chords will be as the Times of the Vibrations. 

One may. in the ſame manner compare the 260 
Times of the Vibrations of Chords of different Thickneſs, 
ſuppoſing the Chords equal, and ſtretched with equal 
Weights 5 the Quantities of Matter / are as the 
Shuares of the Diameters; therefore to deter- 
nine tlie Celerities of the correſpondent Points, 
the Weights by which the Chords are inflected 
ae to, be divided by thoſe Squares, when the 
Goitrz are equal; the Celerities therefore are * 256 
inyerfly as the Squares of the Diameters, and 
therefore the Diameters are as the Times of the 
Vibrations. 

Any Chords of the ſame bind being given, the Du- 261 
mw, F the Vibrations may be compared toge-. 

they are in a Ratio compounded of the in- 
5 "Ravi. of the, | ſquare Rot: of the Weights, by 
which, he Chords ave; ſtretched , of the "Ratio" of * 258 
he Langths- - of -the' Chords*, and the Ratio of the" . , 
Diameters . If you. multiply the Diameters by 260 
the Lengtha, and divide the Produst by che 
ſquare Rigor: of the Weight that firetches the 
Chord, and go thro* the fame Operation for ſe- 


1 ©hiords ; ; the Quotienrs. of the Diviſion ' 


ll be c onde another as the Times 5 the NE 
rations... ho De 

Elaſtic. Plates may be conſidered 2s 2 | Conge-" 262 
hes og. Bandle of Chords; when the Plate is in- 
lected, 8 2 ed, 8 there 

re unegual Lengthenings in ſeveral Points of the 
ate ;/ new the Curve wich is formed by the 
alexed Plate, may be diſcovered from what has 

deen {all concerning Chords: 


By comparing together the Iofleions- of the 263 
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which the Plate is bent. Let AB Plate XVII. 
Fig. 5.) be an elaſtic Plate or Spring, whoſe end 
A is fixed, and let it be inflected by two Forces 
ſo as to be brought into the Poſition ab and a; 
if the one be double the other, bb and 5 B will 
be equal; and therefore in the Vibrations the 
Motion of the Spring is accelerated in the ſame 


* 253 manner as the Motion of a Chord“, and the Mo- 


* 


156 tion of a Pendulum in a, Cycloid *; and the Vibra- 


tions of this Plate are performed in the ſame 
Time. 5 3 


Esperinenr 5. Plate XVII. Fig. 6.] The Spring 


265 


* 263 2, the Diſtances cc and c C will be e 


A is made up of ſeveral elaſtic Plates, and put 
into the Box B, and there moves on each fide 
between the Rulers c d, cd; two Strings are 
fixed to the upper part of the Spring, and run 
thro' the Holes e, e, in the bottom of the Box 
If you hang half a Pound upon the Threads, i 
will deſcend half an Inch; add another half 
Pound, and it will deſcend half an Inch more; 
=o ki on, till the Spring can be compreſſed no 
arther., 3 | 
Each ſmall Plate is bent in proportion to the 
Weight; ànd the Motion of the Weight, on ac- 
count of all the Inflections together, follows the 
fame praportion, The Experiment is made with 
feveral . Plates joined together; becauſe in va- 
rious Inflections the Direction of the Action 
of the Weight on the Plates is not ſenſibly 


5 F 
What has been ſaid of the Inflection of Plates 


may be applied to the curve Plate or Spring 
A CB (Plate XVII. Fig. 7.) If it be preſſed by 
two Weights, ſo as to acquire the Poſition a c6, 
ach, and the Weights are to each other as 1 to 


ual *; 
Therefore the bending in of the Spring, ley as 
n gone 


Book I. 


gone thro by the Point C, are as the Weights 
with which the Plate is preſſed. Which may alſo 
be applied to the bending in of ſeveral Plates 
joined together. | 


The Ball A C B (Plate XVII. Eg. 8.) being 


made of an elaſtic Subſtance, may be conſidere 
as conſiſting of ſeveral Plates; and the Introceſſi- 
ons (or Yieldings inward) of the Point C will 
be proportionable to the Forces with which 
the Body is compreſſed. © - - 42 

Let the Point Cof the Ball ACBE (Plate XVII. 
Eg. 9.) ſtrike ſeveral times againſt any Plane, 
and let that Point go inwards to d, d, and D; 
the Strokes will be to each other as the Lines 
Cd, Cd, and C D. At the firſt Stroke the Part abe 
becomes flat, the ſecond Stroke a cb is flattened, 
and the third ACB: As here we always con- 
ſider the leaſt Arcs, the Arcs (that is, the Dia- 
meters of the plane Surfaces made by the Strokes, 
ate to one another ſenſibly as the Chords Ca, 
Ca, and CA ; therefore the Surfaces are as the 
Squares of thoſe Chords; in which Ratio alſo, 
from the nature of the Circle, are the Lines 
Cd, Cd, and C D, which are to each othet 
as the Strokes. Therefore in elaſtic Spheres, the 
2 made by the Strokes follow the proportion of the 
Strokes. _ 2 | 


Experiment 6.] Take a flat Piece of blue Mar- 
ble made faſt in a horizontal Poſition, and a lit- 
tle wet, ſo as to rhake the Colour the more in- 
tenſe; if you let an Ivory Ball fall upon this 
Plane, that part of the Ball which by being made 
flat applies itſelf to the Stone, leaves a very 
round Spot in the Surface of it. Let the Ball 
fall from the Height of 9 Inches, and the Spot 
be E; then let it fall from the Height of 3 Feet, 
Which is the Quadruple of the other, and the 

K 4 Spot 
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Spot will be F; laſtly, Jet it fan from the Height 
27 Feet and 8 Inches: och] is nine times the 

{t, and the Spot will be G. In that Experi- 

Top the Strokes of the Body e's the Stone, 
77 131, are to each other as f, 9 : in which 
1% Ratio alſo are the Spots E, F and 65 for if you 
draw the right- 1055 MT riangles DAB, DB C, 

in which the ſi A, AB, B C, Are equal to 

one another and to the Diameter of the Spot E, 

the Line B D will be exactly equal to the Dia- 


Hon of the Spot In the Lane, c D to the 
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.CONFIRMED. BY 


EXPERIMENTS. 
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SENS H ay” 7 | 
Of the Grautes of the” Parts of Fluids, and 
ite Eged 4 cbs ' Fluidg themſzlues 


2 FLU 1 5 is a Body whoſe parts 
yield to any Force impreſſed, and 
by yielding are very eaſily moved 


. 


n 
* 


one amongſt another“ Whence it“ 3o 
follows, that Fluidity ariſes from this, 269 
That the Parts do not ſtrongly cohere, and that the | 
Motion irn biudtred by any 7 — in the Surface 


But 


4 the Parts, as it happens in Powders. 
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Bur the Particles of which Fluids erofift; are 
'of the ſame nature with the Panicles of other 
| Bodies, and have the fame Properties for Li- 
_ quids are often conteited into Salids, hen 
there is a more ſtrong Coheſion of them, as in 
Ice. On the contrary, melted Metals give us 
an inſtance of a Solid changed into a Fluid. 
Fluids agree in this with Solid Bodies, via. That 
they confiſt of heavy Particles," and hade their Gravity 
proportionable to their 12 antity of Matter, in any 
Poſition of the Parts." If in the Liquid ũtſelf that 
Gravity be not ſenſible; it is owing to this, that 
the lower Parts ſuſtain the upper, and hinder 
them from deſcenging 3 But it does nor follow 
from thence, that the Gravity is taken away; 
becauſe a Liquid contained in a Veſſel will preſs 
down the End of a Balance, which carries the 
Veſſel, in proportion to its Quantity. The fol- 
lowing Experiment will alſo'ſhew, that the Gra- 
vity is preſerved in any part of the Liquid. 
In this, as well as in other hydroſtatical Ex- 
periments relatin ing x to the Gravity of Fluids, we 
uſe a very exact Pi f Scales, differing from com- 


mon Scales only in this, that each Scale has a Hooł 


272 


balance it with a ht in 
then, without eakitg the Phi 


V Vunder it, (Plate: XVIII Fg: 1.) ſot ſuſpending 
ſuch Bodies às are t be immerſed in Eiquids. 
The Balance itſelf hangs by a Line which goes 
round two Pullies T T, and is faſtened to a 
Weight P, (Plate XVII Ng. 10 thar by moving 
the Weight, the Balance may be veniently 
raiſed and Nx 1 fuſpernded "ut "any 


Height. {of Shs {164 lag br. U = 
Experiment hams: | BOO in Water 25 Phial D 
cloſe ſhut, and ha ing by a Horſelbair and 


the oppoſite Scale; 
out ß the Water, 


„ 


open: I, aud leti it eee and yo 
W 


— WY og I. . a. 


Dae wr Miele A oa i 


ca He 2 IE * 4.4 A - 
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wil ; aſcend till the Preſſure becomes 


* 
K s . = 
14 7 s > 
* 89393 


or botofts? 7; 


* 


i # 1 


+ 


www 7 


Glas Tube O open at both ends, and ſtopping 


Water; when the Tu 


one end with your Finger, emerge the other in 


is full of Air, the Wa- 


ter will riſe in it but to a very ſmall Height: If 


yeu-Bke'away your Finger, char the Air that is 


compreſſed may go our, the maginary Surface (as 
Mee Baule nſed to call it) that you conceive in the 
Water juſt at the bottom of the Tube, and pa- 


tallel co the Horizon, is leſs; proſſed juſt againſt 


272 
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136 Mathematical;Elzments - Book Il. 
the Hole of the Tube, ſo that the Water will 
file up into the/Tube.Itil!:ip/ comes up to the 
ſame Height with the external Wateti. £217: 

275 De Preſſure upun tit louer Hari, which ariſes 
from the, Gravity of: the ſuperincuptbent: Lig ui, exerts 
ieſelf every ay, and every onyequally. ic - oo 
Which folows rom the nature of 2 Liquid : 
ſeor its Parts yield to any Impreſſion, and are 
eaſily moved; therefore no Drop wilh remain in 
its Place, if whillt it ĩs preſſed by à ſuperincum- 
bent Liquid it is not equally preſſed on every 
ſide: But it cannot be moved on account of the 
neighbouring Drops, which are preſſed in the 
ſame Manner, and with the ſame Force; by the 
ſaperincumbear Liquid; and therefore the: firſt or 
loweſt, Drop is at. reſt, and equally pre ſſeil on all 

: ſides, that is, in all Direct ions. 80 Q14./£21418 2 

5 „„ pe a, e £1942 nene: 
Exptriment 3. Plate XVIII. Eg. 2.] Let the 
37 Glaſs Tubes A, B, D, be immerſed in Mater, in 
the ſame manner as in the laſt Experiment; and 
upon taking | away the Einger, the Water will 
riſe. id ali the Tubes to the ſame Heighitias in the 


285 
1 


277 


ta lane ; Whigh 


ite 
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on \fince: the Preſſure ariſes from the Gravity of 


it will be ÿ m; but tlie Obliquity of the Column 


Hand D, by help-ofithe Braſs Tube C E. 


BWA H 1 l 5: 5 * 
plate N VII. Fig. 3) Let A be a Veſlel, and: B 
2 vertical Tube, and Dau inclined Tube; they 
muſt. communicate by means of the Tube 2 E: 
Let: there be a Li quid paured into them, and let 
eh be a Surface parallel to the Horizon. If the 
Heights # i and g be uncqual, the Water will 
aſcend; where that Diſferencei ãs leaſt. For the 274 
ſamereaſon, unleſs the Preſſutes at g and h̊ be equal, 
the Mater ill not be at teſt; but they are equal, 
when land n ate in the fame horizontal Plane: 


the Parts, which tends towards the Center of 
the Earth, the Height of tlie pteſſing Liquid muſt | 
be meaſured accord ing to that Direction, that is, 


h.u cauſes no Change, becauſe Cen ſame ed ä 
the Preſſure every way: is anne 

ali ta: LY; * „ <P 

1 ExpridimentI'V Plate XVIII. Fig: 154 pour 
Water into the Machine repreſented by Hg. 3. 

and after any Agitation it will not reſt; unleſs all 
the Fur faces be in the fame horizontal Plane. 
The Glaſs Veſſel A is joined to the Glaſs Tubes 


All Liquids are not equally heavy, chat is, 
have hot tlie ſame Quantity of Matter in the 
ſamt Space; but what has been ſaid will agree 
to cer Liquid by itſelf 1 
ids of. different Graditier are a 279 
anke ſaum aße the heavieſt lies ar the locbeſt Place, 
and is profſed: by the lighter} neee to 
the Height. of the lighter. \ en att 
wn bas 0 0 ny W b. NATTY aun * 6082 
it 5. Bat X VIII. TI | Fake Wa. 
Korg ary awith:fameGolour,-and/pourrit into 
the Glaſs Veſſel A tonthe: Height of h, f im- 
vgs: into it the Glaſs Tube 4E; the 9 
ind WII 


* 574 will riſe in it to the Hei 


138 Matbenierichl Blements Book Il. 
git Bc. Now pour in 
Oil of Turpentine, which is a Liquid lighter 
than Water, and immediately the Water will riſe 
in the Tube; und ſo much the higher as the Oil 
is poured in to 2 greater Heighe: Let the Water 
in the Tube does not riſe to the fame Height as 
the Oil in the Veſſel ; becauſe ſince Water is 
| heavier, there is not r. thei fame Height 
of Water as there would be required of Oil to 
produce the ſame Preſſu re. 
If you have 4 mind te try th crimem 
with Mercury and Water; yd will 48 feater 
Difference in their Heights by reaſon "their 
greater difference of Graviey . 1 Ars 1 
10. 0I8NNC 1599 0745 95; 
Aae VI. Plate XVIII. Fig. 6) Let the 
End of a Tube be immerſed in l and pour 


Oil into it. The Water in rhe Tube ie fd 
as far as d; —* the Height of the Oil di is Steatet 
| thay the Hegöt ofthe Water in ehe Veel, If 


the Tube be py ens deeper, the Water will 
run into it in gteatet Quantity; if you rale it up, 
the Water will again go out! at u, and the Water 
in tlie Tube 4 e "follow itz if it be talfedtö ſuch 
a Height that the Freſſute df the Oil may! over- 
come the Preſſute of the Water in be 
of the Tube: bd An Sil B 
| GIF MS ne 17 251 Sti ved rr in 
MAW , 7 (ROT97! 


7 # Þ 
s % jw? 


. TAE I, 2 2:7 pn ns x ti. Te. IH: 21 it 
Of the. 1 55 againhi the 
een eber. 


, it 115383 ed mae A(t wat 4413s 
Lay 18 Bottom aud Sies of a Veſſel, muhicti con- 
tal a Liquid, due preſſeai by the Purer of the 


Liquid which immediunely tonoh them; and becanſe 
* 126 2 is eqhal ro Aftiom“ thofe Barts al. 
2 Aa; >" 

* 


nook II. | .of Natural Philoſophy. 139 
Liquids id equal every way, the Bottom and 


Sides are preſs d as much as the neighbouring 
parts of the Liquids 4 therefore this Aci ion 11. 


genes in propertiau to the Height of the Liquid, a and* 


is every way equal at the ſame Depth, depending 
atogether upon the Height, and not at all upon 
the. Quantity of the Liquid. Therefore, whey 
the Height of the Liquid and Bigneſs of the Bot: 
tom remain the-ſame, the Action upon the Bot- 
tom is always equal, . the Shape of the 
Bodyizbe; changed. In every caſe the Preſſure 
22 the Bottom is equal to the Weight 
Se Water, whoſe Baſe is from t 
—.— ſelf, - and the Height the vertical Di- 
ance of the 0 8 1 cd oo the Warer from 


. com itſe FP 12 n 1 


„XVIII. Fig. 7 ond $ 3 +a the Lollow 
der A, .open at both e and finely 
955 within, whoſe Diameter and Height alſe 


275, 
273 
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ue about three Inches and an half; * Ring 


Eis faſtened ta it by a Screw, ſo as it may be 
ſuſtained: by a Trev et. 
Let the Cylinder haye a 1 Braſs Bot- 
om F, with 2 870 the Braſs Ring G, haying a 
"in, the inſide, is joived: this Ring retains 
and fixes a Leather yy broader than the Bottom 
al round by half an Inch ; this Leather covers the 
external Surface of the BraſsRivg v when the Bot- 
tom is thruſt into the Cylinder, and it hinders the 
Water from going out when it is moved up and 
down. This Leather maſt be ſoaked in Oil, and 
after a few Days it muſt be taken out and ſoaked 


Leather muſt be well anointed-with Oil and 
ter, and moved ſeveral times np anddown the 


38 long in Water; aſter which Prepatati6r = OZ 


Cylinder, and left in it in that Condition two or 


"Re Days. eee eee ule the Ma- 


chine 


Is ther too thick nor too thin, "which ' muſt be left 


140 Mathematical Elements Book If 
| Cite, you miſt anoint the Leather again with 


il and Water, then the Bottom will 1 move ez: 
. fily, and hold Water. The Leather muſt be nei. 


to the Judgment of the Workmen 
The Bottom has in its Middle à ſmall Braſs 
Cylinder h . faſtened to it, by which the Motion 
of the Bottom is directed; :for this Cylinder goes 
ae” the Hole in the Plate 6, which is laid 
upon the larger Cylinder A, and ket intq it by a 
Cut in the Edge. In the bes Surface of the 
Cylinder h i there is a Cavity, wore contains 2 
| Screw, by which the Bottom is Joined to the 
_ Braſs Wi ire n p, which is“ arried through the 
einchkios d Tube 4, that Barren may 
be faſtened to the Brachium of à Balance by the 
help of this Wire. 
Let the Cylinder A have the Cover C laid up- 
on it; and, to hinder the Water from running 
out, the Mouth of the Cylinder muſt be corer'd 
with a Leather Ring, which is Rrongly preſſed by 
the Screw which joins the Leather Cover to the 
Cylinder. To the Cover and Cylinder itſelf may be N 
added à Handle, that 8 Cylinder may the more I 
eaſily be ſuut and opened. The Coter has a Hole 
in the Middle, and the hollow Cylinder I, Which 
has a Screw on the outſide, is faſtened to it, that 
the Tube 4 may be joined to the Machine with 
4 Leather upon the 5 2 hinder the Water 


« f* 


from coming « gur. 


Es eriment b NIN. Cy 71 Hiring 
"ine together a all 195 Parts the Machine f m 
the manner juſt 1 hang üpon one end 
of the Beam of 4 Balance the Bat Wire which 
is fixed to the trat Bottom, ſo that the 
Beam may be eräely hotizontaf when the Bot- 
tom is i Inches dit fi: the Cover; then 
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uke Equilibrium with the Weight of the Bot- 
m only. Let the Tube be one Foot long; and 
he Beam of the Balance being placed horizontal, 
onr Water into the Tube D, ſo that it may riſe 
to its upper end; another. Weight of 45 
dunds being put into the upper Scale, will make 
| — — with the Water; and if you di- 
winiſh or encreaſe this Weight; the Bottom will 
wore upwards or downwards. But you muſt 
oſerve, that in altering the Weight, yon muſt 
but in or take out a pretty conſiderable Weight; 
þr Example, half a Tanne Deca of the Fri- 
ion of the Bottom. 2 
The Diameter of the Doom is almoſt 3 
iches, and the Height of the Top of the Wa⸗ 
er: in this Experiment, is of 14 Iaches; the 
Weight. of a Pillar of Water of that Height, whoſe 
Baſe is equal to the Bottom, is 45 Pounds; and 


ut ſo much does the Water preſs againſt the 


bottom, tho there be but a ary: of 


Water in the Machine. 


Since only the Motion of the Rottum is to be 


obſeryed, the Machine is to be fix d down, leſt 
t ſhould be wholly raiſed; which is done by 
lying ſuch Weights upon it 2s are Nr 
155. Plate ane. Fig. 1. ). 55 


Plate XIX. 2 Having 
taken away the Cover and the” the join the 
Cylinder A to the Veſſel D E, which has ar 
the Bottom n Ring with a Screw. Into this Ma- 


the foregoing Experiment ; the reſt of the Expe- 


riment is made in the ſame manner as the former, 
and the Es» is the ſame; for the Preſſure is 


Veſſel 


tifach a Weight in the oppoſite Scale as will 


chine pour Water upon the Bottom as high as in 


OO von der che Bows of the 


282 


142 Marhenictichl Wee "Book Il 
er che Water o che Ae en 


Watet, whoſe upper Surface is raiſed, . the 


dle rowards, F, char. by itt! stion 


Veſſel apd the TN 'of the Water; Provide 


eres 3. Plats NIN. "Mig! 13 Har t 
Cylindrick Veſſel! A to che 8 50 4 I 
which Veſſel muſt be fill'd in part by a wood 
Cylinder De, which Cylinder is fixed any hoy 
to the piece of Wood BC, and neithet touche 
the Sides nor the Bottom of the aforeſaid Veſſel 
you pour Water into tixis Veſſel to any Height 
be an Iquilibrium 55 putting Weights 
in the oppoſite Scale, hat Weigne wi be the 
Weight ob the Whole Water Which would be 
nor in rhe Veſſel, the Cylinder being taken 

Away, ſuppoſing it filled to ke Tate — as 
in the Experiment. And ſo a ſmall 


Preſſure againſt r © Bottom be encreal 
fuſtain's rear Weight. T1 12% 

It will vifibly;appear, that the an is * 
to 15 7 0% Freſſure, making uſe of the follow 


in 5 
eee Ai fg) The Vet D'B 1s 12s 
ralletapiped bf "Wood about a Foot and 4 half 


high ; in the Side towards fe Bortom Ute i3 
4 Hole in which there is 4 Braſs e 75 
a Screw, that the Cyliader A, meg 

355 4 N Ex e + ay 755 Fr. 


rake away the revet 15 
| 7 che Chi in th ns ri 55 
was ſited to the Jower Ring by Nos jj 
the/Morion of the Bottom in boys Ga i ron 


horizontal. Two crols Fieses of Wood ere 17 Wes 
e Mong e Ee J 
Along them ul | 
moved hotizonrally, which/is;widei it the id he, 
Awärds, ich N 
the 


of the Cylindet may be chr 


book H. of Narurgl H hilgſchy. 143 
be Ruler ye 2 little below-the: Center. Ar 
is al opes „ Ae falle to this Ruler, 
= are pt Thaw along the Pieces as. G H, 


12 over Pullies, at the Extremities of 
10 5 ieces, as Ip IF wee, 1 to 


3 em, 8 P VI 177 07 be 1 9 08 Pies rh, 


755 TIF) 1 Ph Na into the Veal B D, 

Hires a the Water may be higher 
U. 14 Inche Rk CAC C let the Weights, 
55, 5 [- of 2, Ny Pounds and a quarter each; ; ſo that 


both - 

Wy 5 TY, reſſuxe of the Water will uſtain 
hat Weight, and the Bottom in chat caſe will 
* moved. With. the "Fame, eaſe towards either 
kalk, 
The ede Experiment. f proves chat the 
Force 1 wa which . Wate Li ſſes of 5 e. is e- 
a t with Which les its pn 


Jual Wiſe, vals the ior 18 * 


2 5. "Plate XX. Fi. 1] 1 the middle * 


Tink 1 


Surface oft he Block or Foot B there is a 
th 17 5 77 lea - wi e Diameter, on which 
e is 0-54 ob ut the moveable Bottom of the Cylin- 
108 NET 0; e lo. that the Bottom 


| „the Cylinder may be moved. 
5 0 have 90 over on, and to it 
half long, muſt be 
8 by. which tl the Bottom 
ine will be raiſed; put 


4 
85 


ich th 


2 1808, FW" 


inſt the Cove 
98 of 5 


DEE ſhall amount to 4 Pounds 


Sie "alt together weigh, "$a 


*275 equal Force; if therefore it be preſs d on one 


144 Mathematical Element: Book 
whoſe:Baſe is the Corer, excepting the Hole 
which the Tube is nud, and: whoſe Height | is | 
Height of the Water Tube above the inward Sd 2 
face of the every which 2 with” the 3 — 
pere 1 I 
If you apply the * Tube to a greater A 
chine, the Action againſt the Cover will increalM# K * 
ww the ſame Ratio as the Cover; ſo that a pr 
digious Weight may beHaltained, and even rail 
by 2 en lader, TN 
5 8. 40 


283 Flas RX. a+ Take W 9 Poa 

AB; AB; el Take vp and-join ther 
together with a Piece of Leather, ſo that the 
may make a Cylindric Veſſel ſomerhing like 
Pair of Bellows, ſo that it may contain Water. 
There is 2 Hole I in the upper Board, t 
which is fix d a Braſ Cylinder: that has a Scren 
whereby the Tube Di is fd to it, *which is 2 


long as the Tube uſed in the former 3 
ment. 


202 CNT 318 3A £4 25 0 
e Pour Water into this Pelton 
thro che I abr, and the Water in the Tube wi 
fuſtaio the Weights P, P, P. P, P, P, alt 'whic 
together weigh motcirhan'> 56" Punnds. Thel 
Weights mill even” be raiſed: by ue 0 
you Water into che Tube. 
Thof theſe are Paradores, they follow ON 


the: Nature of Liquidity; every . Which is 
at. reſt, endeavours to recede every way. with 


— - 


D mW 


— iT 


Farr arm 


it endeavours to recede that way with the 
ſame Farce; becauſe Action and Re-a&jon are 
equal, and with that very Force itſelf wilt preſa 
every way. In the firſt Experiment, the the War 
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de Tube, ſuſtains the Weight of the Column of 
Vater contain U in the Tube, and reaching quite 
to the Bottom, and preſſes the Bottom with ſuch 

2 Force that it acts with the ſame Force upon 

the Water next to it; and ſince that Water can- 

dot floh out againſt the Bottom, the Water next 

o that is alſo preſs d with the ſame Force. The 
me may be ſaid of the Water next to that; and 

o in all parts of the Bottom, there is a Preſſure 
equal to that which lies under the Water in the 
Tube; and therefore the Bottom in this Caſe is 
„ much preſs'd as if a Pillar of Water, of the 
ane Height as the Water in the Tube, and of 
2 Baſe equal to the Bottom ſhould lie upon it. 
The fifth and ſixth Experiments are illuſtr 
by the Tame Reaſoning. 

In the ſecond Experiment, ſap ſe that the | 
Cylinder A ſhould be continued, ſo as to reach 
p to the Surface of the Water; het 1855 means 
the external Water would 1 ſeparate A the 
Vater contain'd in this C r, and t 0 
Water but this interior Ges or pre upon f 
the r and the Bottom wou ſuſtain 1 it all 
The Water in the Color preſſes ,agau "the 
des of. hg Cylinder, zan nd the exts; Raven 
dels Up ch the externa urface of the 
and the outward Surface is preſs d LD in i te 
ſame manner as the in ward, and the Prefſures a- 
zanſt oppoſice Points are . aqua .ſo.that 
if the Surface was tak ſe Profſpres 
would deſtroy. one anot cher; ; wayy acl it — 
matter A x there be ſock 2 Surface or 


dot, ſo, 82 
2 7 the C W 8 Oper) de = 


againſt the om a altex d. 

"The third al illuſtra 
what has been 0 4 —. 4 Plar 
the banane is hot aa ee by the 


.,v 


by. 
Water 


* 
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in the Veſſel, but alſo by the Action of thesin TI 
ferior Surface in wag „ Swe De againſt th wher 
Water. | . Ti 

©. noFhoall thatched: biz ſaid 8 upon tha Bodie 
| Gravity of : Liquids; their Actions muſt be di 
ſtinguiſh'd from their Gravity, :whict laſt is al 

ways — to the Quantity Ws Ma 


"290 ter. r en TICGAIT. 193 41567 SIBLE T3: n Bulks 
992 C 1021, ert 251; great 
WT CHAP, Il. limit 


1 05 Soll, Tmmerſed in . 02. 


IE have often ſaid,” that 0 e dickeren Gra 44 
: - vity of Bodies, "whether Solids or Iz . 
D quids, ariſes from this, that they contain a greats 15 | 
or leſs e of Matter in an 1 Space. forep 
1.07 65.4. —— 10 I. fed t 
284 e Onantity of Matter in a Body Fl confider Ez 
in relatiou to itt Bulk, that is, in relation to th dae! 
_ poſſeſs d by i it, 15 cal d the Denſity of th A 

Body. 
I Body is faid onde Aſs or triple, & oy. 
the Denfiry of another Body, when, ſuppoſing he u 
their Balks equal, it ontains a gouble, or tri de 8 

of atter. : . 

a Ple, 138 r n will! 
2 S Duri oK nne ſolon 


92 a 
285 A Bis faid to'be'Hom eee it is ere "Wi 
” F 7 Ke Denſity. bend i I ore 


Heel 


enk Dvub yr 76% I 1% mk 
* . * 5 | FI t uw 

| When : 3,” 7 10 
N er / GP tu iN, ire, t 


22101 N et ad fem! 90! eff 
e BOLT. DAR IS agds © ny ( 


34 ity of a Body gx0n/ideted mh | 
its Bulk, i fs called, the * Gravity of a Bod el 
. a -. "+6 Ti. 
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The ſpecifick Gravity is ſaid to be double, 
when under the ſame Bulk the Weight is double. 
Therefore the ſpecifick Gravities ing Denfities of 288 
Bodies, in Homogeneusss Bodies, are in the ſame Ratio; 
and they are to one another ds the Weights 
Baie, in reſpett to their Bulk, © 5 I 
If Homogeneous Bodies are of the ſume Weight, nen 289 
Bu/ks will. be fo much leſs as their Denſities are 
greater, and under the ſame Weight the Bulk is 
diminiſhed in the ſame Ratio in which the Den- 
ſty is increaſed ;' therefore in that Caſe ths Bulks N 
are inverſty ah the Denſities. t. 
Whett a Solid is immerſed in a Liquid, it is g 
h the Liquid on all ſides, and that Preſſure increaſes 
in Proportion to the Height of the Liquid above the So- 
ld; as it follows Hom what has been ſaid in the 
foregoing Chapter; and which may alſo be pro 
fed by a "dirs Dc e 
Experimgict x. Plus XX. Ky. 2.3 1 Tits dne | 
Bag 8 to Sg end of a Siats Tube Bu, and ii 
t wich Mercury; you may alſo make uſe of a2 
Bladder ; > hee this Bag be immerſed in Water, 
but ſo chat the en Biof the Tube may 28 * 
the Water; by t be of 92 Water 8 
the Surface of the Bag Vs AE; 
will riſe to m; and > ym ob the Mercury 
follows the „ ch een of the We. þ 
ter above the Bag. 
hen a Body is im 8 2 Liquid: to 
i great Depth, the ot the upper 


Wie 2 
wal i . Y 
fteſſure: may b. | 
ny Change 8 Fee, Bo- 
lies brea r 4 nos . 
hd 8410 h J>Riaont 2d rs „ N 5 


L 2 


's eve 


pT —————— 22 
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Bao 

Me biber 
. 2, // Plate. XIX. Kt. _ Take — 
FTiece of ſoft Wax ol. an irregular Figure, with an 


8, and incloſe. it in a Bladder. full of Watet, MM. .. 

and che, Bladdet being ex aal ſhut muſt be pu 

| into a Braſs Box A; let it be: cavered with ail; ; 

C52 Cover O, ſo that it maybe lullained by 

the Bladder ; lay on a Weight. P of 50 or $ 

Pounds, and ibe' Egg: will not be broßen, nor the 

Higure of the War any. way changed. 

292 A Body ſpetifgatly heavier tbama Liquid. e im 

ee eee _ 

Par *. U U ace 4 

5 en 1 . N Preſſure is 
_ eng 


1 N Column, made up of 
Fo anal wabent Liquid, 
— with. Bas role 15 ied down 


8 wards. The Weight of a olumn, bot 
which conſiſts wholly.of a Ta is the Pane 
by'wbith thi As.prefs'd upwards by the Li- 

299 Mid.“ But: wheit the Solid is luppoled ſpecify 
275 cally Tae than the, Liquid, this Tees is leſs 
than that, and ore is oy | 
293 At is proved: by the lame ng i: That 4 
Solid ſpecifically lighter, than a Liquid, and immerſed 
HANES df the 7 


| but: remni EE. 
aud the Li * 
| Caſe; 25 tay 


F Li ' 
8 che lane 


A 0 4 


— 
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ſaſtain them a ; Snail Le all os kd 
100 ther ger 9 


ter, iin 10 N 


put 41. ight which keeps a Bidy immerſed in a Liquid 295 
ba i call d its reſpective Gravity. 


by WW: Add this reſpettive Gravity is the Exceſt of the 296 
$9 beriet Gravity of a Solid above the ſpecifick: Gravity 


the Wl e Liquid; for fince a Solid \- immerſed in a Liquid 297 


len that part of its Weight which is ſuſtained 
by the Liquid, it 2 the Weight of the Quantity of 
the Liquid, "which; pk qr; e 24 ” 
ron at: 

mY 23333331: 3} Ty ih 

Rewe Þ Plate XXI Fra J Hang the hoi- 
LEDs Cy Cylinder F to the Balance:abgvemen- ':-* 
tionet;* hang the ſolid Cyliter. Q of the ſame 271 
Metal by a Horſe-bair- to a Hook fia d to the 
Bottom; which if ar he put into the other Cy- 
inder E, will exactiy fill it p ſo that E when it & 
ful of Water 4 contain ſuch a 2955 af 
Water as l GH the place t up by 
+ Weight iv the e ee 3 | 
librium ;- let the Balance deſcend, that the Cy- 
oder C may: be: immerſed into the Water con- 
ined in the Veſſel D, by that means the Equi- 
lbrium is deſtroyed, Cas partly ſuſtain- 
r but i reſtored: eb E be fill d 

aber. * 

Hence it follows,” chat ul ama. Solids, but of 298 
whe fam Jpecifick Gravity, — 2 —_ in- 
* amt tbe hfe- au Parts of their 
Wage The, fat 


mentioned — are will 


Hr e 
1 in ame 
eee 


: e 0 
5 
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299 Moreover, from what has been ſaid it follows of th 


chat however the Denſities of equal Bodies differ oil "0 

mong themſelves, if. they be immer ſed in the ſame L. n 

| quids, the Weights "Which ihey loſe is in the Ratio i inde 

their Bulis, for the Spaces which they take up 1 þd 

Al Liquid are inthe ſameRatio#® #7 By 

Therefore Bodies of the ſame Weight, but o ee 

different Denſities, loſe an equal part of thei hie 

Weight, when they are inne in che nd 

Liquid, becauſe of the Inequality of their Bulks — 

Experiment 4. Plate XX. Eig. .] Let two Pieceq; by | 

of Metal of the ſame Weight,” Ye one of Gold her 

and the other of Lead, g, g, be ſuſpended wit 1d 

the Hook VV 'of the Balance above mentioned the 

*271 with Horſe- hair,“ and you will have an = 2 

Aibrium; let the Balance deſcend, and the Bodie E 

1 . 2 be immerged in the Water contained in the de 

BY Veſſel F F, and the Equilibrium will be de 0) f 

ſtroyed . When a Solid ſpecifically heavier thai * an 

| 4 Liquid, is ſuſpended in à Liquid, the Liquid the 

| acts on every fids: againſt that Solid, in Propot- hi. 

Vigo tion to its Weight, and the Solid re- acts equal Bale 

| 1y-againſt-it; therefore thoſe Actions are the ite 

ſame as if the Space taken up by the Solid were bal: 

300 filgd with the Liquid ; therefore it ir no maner i be 

| in reſpelt of the Gravity of the Liquid whether a $M his 

id ſpecifically helwvier than the-Liquitt be faſpended inf bott 

it, or a Quantity of the Liquid be poured in, bia out 

'(akes up a-Space:aqualt-to'rhe Solid. r into 

| i nn in K 85 er r N At nn 1 

N 18 Exper iment 5 Plate XXI. 4 1 bong the Ves whi 

- ſel· A containing” Water; hang: it ro! one. end of E 

4 the Balances immerge into it tlie Btaſs Cylinder bee 

C which rs gſuſtainęd byna Morſechair, leſt it For 

ſhould touchithe Bottom of the Veſſel, putting © * 

4 Weight inte che oppoſite Scale, and yon will oft 

| have an Equilibrium; take the Cylindet C out Boe 
| 
| 
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ow; BY the Water, the Equilibrium will be deſtroyed ; 


% nd it will be reſtored again by pouring in Water 
eL much as can be contained in the hollow Cy- 
tio of nder E, which will be exactly filled by the ſo- 


By comparing together the Numb. 297 and 301 
ut off 300, as alſo the third and fifth Experiments, 

thei which confirm them, it appears, that a Liquid 
ame «quires. the Weight which the immer ſed Solid is : 
ulks WM The-Force of Gravity is always proportionable 
to the Quantity of Matter, and is not changed 
ecesF{ by the Immerſion of à Solid into a Liquid; 
old vherefore the Sum of the Weight of the Solid 
witil 2nd of the Liquid, do not differ befote and after 
ned | the Immerſion. my 1 7 | 2 y ** . | 


biel Experiment 6. Plate XN. Fig: 5.] Hang the So- 
the lid C tothe bee pa 70 Egqailibrium, 

I by piitring into the oppoſite Scale B the Weights 
han ? and p, of which p is equal to the Weight which 
wd the Body C:loſes in Warek, Take the Veſſel E, 
or which contains: Water, and is ſuſpended to the 


nal: Balance E F, and putting a Weight into the oppo- 

the te Scale, make an lm here alſo; fel de 

ere Balaneg deſcend with the Body C, that it may 

be immerſed: in the Water contain'd in D, by 

this mtzans you will deſtroy the Æquilibrium in 

both Balances, which will be reſtored by taking 

out of. the Scale B the Weight þ and putting it 

into the Scale of the Brachum FF. g 
ABody ſpecifically heavier than a Liquid, and 302 

which-deſcends in it, is carried downwards with 

2 greater Force than it is preſſed upwards, as has 

been'Explain'd before; the difference of which 292 

it Forces. is the reſpective Gravity of the Body. 


ing The firſt Force in part conſiſts of the Weight 
n of the Liquid incumbent over the Body, and the 


ul Bod be immerſed to ſuch a Depth, thar 


1421 
| ſpecifck 


303 
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that Wien bean to the abovementioned 
Gravity : If in that caſe you take away 
ſupexincumbent Nope the Body will be 

ſuſtained by che Preſſure of the Liquid hes A i. 


' If the Body immerſed to a greater Depth, and 
the. Liquid be. allo! hindered, from preſſing upon 


the upper Surface of the Body (becauſe the Preſ: 


ure by which a Body is puſhed up, encreaſes as 


the Depth does to which it is immerſed) * the 


| Body then will be carried ppwards with greater 


* 2g6 ter as 18 to 1. 


if it 7 move freely, i it would aſcend. - 


— 1 upper Sur 


Force than, downwards by Gravity; — 


Erperinseu 7. Plate XXI Fig. 3. Jo 0 05 
linder C, which is open at both ends, apply at 


bottom the Plate of Lead F, a quarter 0 
Inch thick; if it firs ſo exactl 1 to the Cylinder as 
to let no N by, and the Plate be held 
I 2 Thread faſtened to, the Hook V in the 
ders to 


FR Pare, A it be immerſed with 

Gris Depth of about 3 Inches, 

= 271 vill be es by the Water, as ap- 

pears by letting go the T hread. If you immerge 

it to 2 greater Depth, it will ſtick cloſer to the 
Cylinder but if to a leſs, it will fall off. 

1 this Experiment. was ngde with a. Plate of 
G it ought to be immerſed 2. ater 
Depth ; ; | for the ſpecihick Gravity of Gold is to 
the ſpecilick Graviey 7 Water as 19 to 1j and 
therefore its re F ity-is to that of Wa- 

Therefore, to have à Pillar of 

Mater equal in. teſpective Ae to the Plate 

of Ole that Pillar malie be hs ave 18 times its 
J and e t'of the Water 

ary A dhe Plate of Gold, 


6 beat least equal. to as many times its 
Thicknels: | N th i 3850 mnon bp 511 10 


21 Azel. 4 Z cout G2 Lalivmcat "By tho! 
F 7 * x eriment 


NS 


= ESR 
þ ——_—— w 


2 
$$ 


Er Fr Sr 
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r 8. Plate XXI. Fig. 3.) Tate a cy. 
555 A with a moyeable Bottom, that has alſo 
ver with the Tube D joined to it, . 
b ore deſcribed *; immerge it in Water, "and " 28e 
when ĩt comes to be 2 Foot undef Water, 4 = 
bo om will riſe, aſtho* it weighs, 2 Pound 
wh 85 and has P a Found Weight, ſerewed 
N it at bottom. 


— t eteſhre When tw ] 
A, Weight Ate © 0 cle 
10 
WY 7; * v 0! $74!89mM 1 600 
. Bok Wi 9. P 2 3 
xper 
5 e #6 OR 
then 4 
Kees A and, LS e copeained 
1qUaAS con ained in 
in one in 5 Mütter the other in 
oyed, the Piece which was immerſed in 
of 33 lighter. 
aſcends, and remains at the upper part of the 
Liquid *, ſo as to be i ed only in part; * 293 
it deſcends, and the will not be at 9 
. e 
much as the whole Body For F 
Solid does not. act 40 va e rm 


5 5 po 1 ine 55 30 
F © 297 
ne, a Fee Dr, tlie N 

3 127 en of the Ba- 

. doe 25 the Æquilibrium will be 
A Solid lighter than a Liquid, and immerſed in it, 305 

the greater is its ſpecifick Gravity, the 5 

the * which would 
the neighbouring Parts. of the Li- 


the Liquid would act if it ſhould 
up Fo Dol the Body ; beg l in this 8 


2 OT , * 
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the Plates are ſeparated, ſo that the Water may 
exert- its Preſſure: againſt the Plate joined with 
the Cork, and en it upwards roger with the 


0 H A p. I. 
0f the manner of comparing che 2 ries « of 


Ligui oy | 
ANC E the Denfiry of. a ! is in propor- 309 
tion to its Gravity, by comparing the 
Weights of equal Bodies we diſcover their Den- 
ſities. * I therefore any Veſſel be exaftly filled with 288 
a Liquid, and that Liquid be weighed; and if uu 
make the ſame Experiment oy other Liquids, their 
Weights will be as their Den But as this Me- 
thod is liable to ſeveral Fcultics in Practice, 
| ſhall not ſpend any time in explaining it here. 
When the Preſſures of two Liquids are equal,” the 310 
Quantities of Matter in Columns that have equal 
Baſes, do not differ ; * wherefore| the Bulks, that 293 
is, the Cond "pi vof the Columns, are inverſly as the 
Denſities ; * whence may be deduced the Meg * 289 
of W og ares. them together. | 


Ex I. Plate XXII. Fx Fg 1 J Pour Mer: 

into a curve Tube A, ſo as to fill the lower 
part of the Tube ftom b to c; pour in Water in 
oe Leg from bt e; in the other Leg pour 15 
Oil of Turpeneine, till both the Sürkaces of th 
Mercury by be in te ſame borizontal Line, all 
the Height'of the Oil bee d,: Theſe Heights 
will be as 87 to te which is the invetſe Ratio 
that the Denſity of the Water has to the Denſitx 
of Oil of 3 and therefore * Den- 
fries are to bach other as 206 to 87. 


. - 

, 2 . 0 9 
1 4 "x * - \ 

. 185 * . ” * - 
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The Mercury is poured in, leſt the Li 
ſhould be mix'd in the bottom of the — 
The Denſities of Liquids ate alſo compared 
together by i immerging a Solid into them; for ii 
a Solid lighter than the«Liquids to be compared together, 
be immerſed Juccefye ly imo different Liquids, the im- 
merſed Parts will be inverſly as the Denfities of the 
Taquids; for, becauſe the ſame Solid is made uſe 
of, the Portions of the different Liquors, which 
in every Caſe would fill the Space taken up by 
| 5 18 5 mmerſed Part Tar, are of the ſame; Weight; 
26 Ore the Bal $ of thoſe Portions, that is, the 
8 os. Waker Uo l as 5:68 
offs dlities.“ b 


312 Plate XII N Fig. bake the ae k which] is 
2 hollow Ball bt * 2 Tube divided into equal 
Parts ; at the bo 7 of the great Ball there is 
4 ſmall one, part of which. is fill'd with-Mercu- 

„ ot very l Shot, whoſe Weight ſerves to 

© make che T Tube deſcend : vertically., in Liquids, 

_ . pd ſand; in that Poſition » Care, muſt be taken 
8 55 to have too much Weight in the little Ball, 
I or he whole Glaſs muſt be 6 lights 2 che Li 
uids to be compared together. he Hydrometer 

. ſo it is call'd) deſcends to different Depths in 
diffexca Liquids, and thoſe Denſitics, as we have 
already {ai are jnxerſly as the Parts immerſed, 

| Tt XT to 2 cgether. Tie 
* ah Ei, the Weight: (i ir bs lit 


ine By bes t inte Water it wil 

ſceyd a 55 Water equal to 

E ter weighs 
*305 $73 


ten the 7 gs tothe 
vi 72 Dre repre- 
ſented in P III. the Hydrometer 


* 8 remains 
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remains immerſed ;; put 20 Grains in the Scale B, 
nd Jet the Weight P be moved gently to raiſe 
a Ml the Balance (by which the Tube will be dran 
ir Ml 2 lutle way out of the Water) till there be an 
r, WW Equilibrium, and the Surface of the Water then 
1. ville even with the Point d; the Water ſuſtains 4118 
tze e Weight of, the whole Machine, except 30 | 
ale Grains, that is, it ſuſtains $53 Grains; and the | | 
ch Weight: of the fame Bulk of Water which is now it 
by Wl inmerſed, weighs juſt: ſo many Grains, and is TH 
+ WW prefled. by that Number; wherefure one | 
he call be Bulk of the Farts d b of the Tube 20; 
te Space d b be divided into ro equal 8 : 
and you continue the Diviſionsupwards: beo 3. Re | 
a4. dawnwardsclow d, = Diviſion — it 
is de called a; and by obſerv ing thè Diviſion- | 
al which the Taramete; deſcends in a Liquid, 
is bon will have the Bulk, of the immerſed parte; 1 
bei the whole Tube ſtandb out above the MA 74 N ly 
to ter, the immerſed Bulk will be 54; if ir riſes 1 
N the, upper -Nivifions, the immerſed Hulk WIII 
en de 30 and the Denſities of the Liquids? in 1 
1, dich this happens, will be inverſly às \thoſe oi 
25 Numbers,.thas i 18,48 579 to 549, and only the f 
ter Wl inicxinediate;: Denſities, may: be: com ompared by j | 
| . 


in this Iptrument; iß the Ball was leſs in 
e ten tothe Tube; i would terre for compabin 


* 
d, (degethet oY ue whoſe Denſities | differ I 
ie n en ſevetal Liquids ate 22 ih 
Je) 8 ee which 2 che Bulk if 
2 ook. deb tee 1 br Or their Numer r 0 
whic 1 ir ator; fi 
theſe Fractions EIS bes * ft 
** L 9. 9 1 = | 

7] 01 42 * 224 f 


4 112 ! 
Woe n n 1 2: 157. 


Experiment 2.] Ler t the Deuter af es 
containing different Quantities of Salts be to be 
4 2 com- 


8 A728 


—— TT CE hind 
* 
* 


compared, the Hydrometer deſcends in the one 
x0 the Diviſion a; if it be immerſed in another 
it only deſcends to the Diviſion e, their Denſities 
will be to one another as 5 to 45;, as may be 
eaſily deduced from, what has been ſaid. 
This Method is: alſo liable to ſeveral Diflicul. 
dies beſides this, that it is difficult to compare 
together Liquors very different in Denſity by the 
ſame Hydrometer. ll 2164 9117.46 17 
313 The beſt Method of all is, to make uſe of 2 
Solid heavier chan the Liquids. Myhen the ſame 


314 Bach it immerſed in different Liquids, the Weight 


„ Which it loſes in the Liquids, are to each other as the 
597 Devfities of. thoſe Liquids.* Here yon muſt uſe a 

271 Hydroſtatical Balance, and beſides a ſolid 
Piece of Glaſs, as C, which may hang to one of 

dhe Scales by 4 Horſe-hair, Plate XXI. Fig, 5, 

and 6. you muſt have a Weight, as P, which 

æquiponderates with the Glaſs C, when it is im- 

merſed in Water, as is repreſented in Fig. 4. 
The difference between the Weight P and the 
Weight of the; Glaſs C when it is taken out of 


. the Water, is the Weight which the Body has loſt 


when weigh d in Water: this muſt be obſerved, 
that it may ſerve in all the Exper ments; in our 
Balance it weighs 722 Grains. Suſpend the Body 

in any other. Liquid, unleſs it be of the ſame 
Denſity as Water, the Equilibrium will not be 
preſerved; let it be reſtored: by putting Grain 
Weights in either of the Scales; if they be put into 

e Balance A, add them to the above · mentioned 
rence of 722 Grains; if the Weights be put 

into B, ſubſtract them from that Number; and 
by that means in A7 hoſe Caſes; as it ap- 
pears, the Weight | a Body; is detetmined, 
chat is, the Weight which. expreſſes che Denſipy 


Que sf one Hum oy © ;booeld 8 


* 


$f 655 [ri ch d * 1.9 yo af * 
{1 1-1 6 | He | 
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e One 
ther 
(ities 
ay be 


by means 
dy i 
W 


cal Balance is to 


is e by P in Fig. 6. that is equal to the 
\; - Weight 


. Ls Es a I te tt ns 1 
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2 riment Let the Weight c. which hangs 
Ee Scale ] be immerſed i in Oil of Tur- 
pentine, whilſt the Weight P hangs from. the 
Scale B; put 94 Grains in che Scale B, and you 
will have an Equilibrium. Then immerge the 
ame Weight in Milk, that the Balance may re- 
urn to an Equilibrium, a Weight of 22 Grains 
muſt be put in the Scale A. Subſtracting the firſt 
Number from 722, and adding the ſecond to it, 
you will have 628 and 744, exprefling the Den- 
ſties of the above-mentioned Liquids, hilſt 
5 _ the aq of the Wazer: n 


HAF. V. 
of the Hanſel Compariſon of Solids. 


159 


IN ail 2 1 d equal Bodies, the 


Denſities ate as the eights;“ in unequal 
Bodies of the ſame Weight, the Denſities are in- 
rerſly as the Bulks;“ if therefore both the Bulls 
and the Weigbts diger, the Ratio of the Denſi- 
ties is Tompotitiged of the direct Rario of the 
Weights — the inverſe Ratio of the Bulls; and 
therefd dtd ing the Weights bythe Bulli, you — 
the Den grit, th is, you will have Numbers that 
ae to cath thier as thoſe Denſities. 


* gef l Boie mar be compated 3 
the Balance; the*Butks | are dund 


ung Bodies: n th Jame' *Liquid'; bor * 
ey e are as their 2 
{ot J. N 144 any en. #1 T6. 18 90 
Plats XXI. ig: Fg] 7 Here fo 400 Rydroſtati- 
— 7. — 1. 48 he the Glaſs + 
jes to be c 


Veſſel Din ae 
to be placed; you niuſt alſo have ſuch à Weight 


ompared are 


"A 
- — 
* 
—. 


— * 
86 7 


C 1 
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1 


Veſſel and Bedy being immerſed in Water, put 
ting the r the Æquili 
brium is reſtoredli 


315 the 


— eee 5 
137 Crains, 


of Silver:weighing 245 rains, loſt in Water 23 


x 


Y 
„ "_ . 
* 


9312 


4 G 
\ : 


85 » 


T3 bc 


„ how much 


ter : theraſorg e lay dow as hπEðn, chat 109 
- + Gviinsbf Lead weigh in Water but 100 Grains; 


equal to the Weight which the Glaſs D 10 c 
when it hangs in the Water?⸗ E Bel | 
With a Horſe-hair you muſt faſten: the Gla{ 
D in the Place of the Body C (Fg. 4.) in the 
Scale A, and hanging the Weight P in the Scale 
B, you will Rate an Æquilibtium. The Bod 
whoſe Denſity is required, is placed in the Glak 
D (as we have ſaid before) 


Weight loſt by the Body: 


do 18 f that 4$ neatiy as 1 to 6. 
a Body wheſe Denſity is requited, and is heavier 
than 2 Liquid, 

Tadel een , woT EY 19 S 

318 Plate XXII. Eg. f.] Take the Machine A, 


— 


Kerker lay jul an many. G upon the Ring 


$119 v7 
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Weight of D; and' laſtly the Weight p (Fig. s 


| dl in reſpect to the Glaſs D, you 7+ 
muſt add as muah Weight beſides as is required 
to make an Equilibrium, and that will be the 
the ody weighed ; by this 
Weight therefore you muſt divide the Weight o 

Body tegel ee have the-Denfity®' © | 


A Piece of Gold weighing 
in Water 71 Grains. A Piece 


Grains. Therefore their Denſities are as 185 
y faſtening 


to a Body lighter than the Li- 


like the Machine deſcrib d in the preceding Chap- 
ter *, and let it have fix di tei ãtꝭ Bottom the Ring 
DE, and tao its Top the Ring FG; then the 
Ball win by. its un Voight be m part immerg d 
in Water. This Machine cannot be apply d to 
UſR;- 23 know! by ſome other. Method 

of its! Weight any Body loſes in Wi 


2 = 
*::. == 


— — 
— — 
— — 
— — 
— — — — 5 — 
— 
— — — 
— — — 
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— 
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DE as will make the Machine when immerg'd 
in Water, deſcend to a ; lay what number of 
Grains you pleaſe upon the Ring FG; for Ex- 
ample, eight, and the Machine deſcends to c; 
the Space a c muſt be divided into eight Parts, 
aid the Diviſions muſt be continued upwards and 
downwards; if you make a the hundredth Diviſi- 
on, c will be the hundred and eighth Divifion, and 
the loweſt of all in this Figure will be the 97th. 
'Tis plain, that if the Propoſition of Numb.'307 be 
compar d with the aforeſaid Preparation, the Di- 
ſiſion, to which the Machine deſcends in Water, 
hews the Weight of the Grains which preſs down 
the Machine; therefore laying a Body upon the 
Ring DE; its Weight in Water will be determin'd; 
by ſubſtracting this Weight from its Weight out 
of the Water you will have the Weight loſt in 
the Water; by which if the Weight out of the 
Water be divided, the Denſity is diſcover'd, as 
us been ſaid in the Beginning of this Chapter. 


— 


Experiment 2.] Lay a Piece of Braſs, weigh- ' 
ug, for Example, 100 Grains, on the Ring DE, 

by which the Ball of the Machine is not im- 
nerg d; lay any Weight, for Example, of 17 
Grains\on the Ring F G, and the Machine de- 
(ends to , that is, to the 105th Diviſion; which 
proves; that the Machine is preſs d down by ſo 
any Grains; from this number of Grains ſub- 
act the 1 laſt mentioned, the remaining 888 
we the Weight of the Piece of Braſs in Water, 
hich therefore loſes 12 Grains. If again, the 

| tight 100 Grains be divided by the 12 Grains, 
jou have 8 f, expreſſing the Denſity of the Brafs. 
ſhe Denſities of any other Bodies may be found 


o 


er the ſame manner. 
This Method has ſeveral Difficulties. ' The 
the beſt of all. 


M CHAP. 


162, 


319 


Matbenativa! Rlemente, ou II. 


amt 19498 Ut, both ogt ww in 


C. H A b. i. F 
owt 4 =” ie Baars, Fluids. 


11 Badies moved in Haid, mor e 


which ariſes from too Cauſes. Thefoe the 


1 


Lact of the Parts of the Liguid.,* N. Body in its 


14 


12 


Motion ſeparating. the Patts of a Liquid muſt 
overcome the Force, with, which: thoſe Parts co- 
here, and thereby its Motion is retarded, Ih ond 
is the Inertia, or Inactixity of Matter, that be- 


all. Bodies, Vhich - is the reaſon that a 


5 . is required to gemove che Particles 


ftom cheix Places, in rdori to let the. ody pals. 


320 


321 


322 


855 
a 
The 


the Col 


N acts upon the Parts to remove them, 

y —— Moin by Reaction. 
dation From; he ifirſt Canſe, chat is, 
0 of Paris, is dlways the. ſame in the 


the ſame Bodx remaining, be the 


ſame 
Velocity of the Body what-it will..., The: ſame 


Coheſion is tobe gvercome in every: Cale chere 
fore this Refiſtance encreaſes as the Space 4 
thropgh, in which Ratio the Velocizy, 
creaſes, therefore it is, a6 the Helecii elk 2 
ee ariſdie from the Inertia, pg 
F Matter, ubem the Same Body, maus. len 
„ Liguids + with >the: [ame Belociries, follows 
wolf to be; rem Ein. the 


Pd anger appar array, 
ame time, which ff a- 170 
Alen tha [ame Body maves thtough the ſat Liquid 
with: di frau Welocities,. this. Refifance cuoreaſes in 
proparripy to the Number, off Pattictes ſtruck in 
an equab Time which Number. is ag the Space 
run through in chat isse, that is, as che Velo- 


city. But this Reſiſtance dees farther increaſe 


in. prpportion to the Force with whichahe Foy 
runs IE: every Parts Tana 0 45 
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the Velocity of the Body, And therefore, if the 
Velocity is triple, the Reſiſtance is triple, from 
{triple Number of Parts to be removed out of 
their Places. It is alſo triple from a Blow three 
times ſtronger againſt every Particle ; therefore 
te whole Reſiſtance is ninefold, that is, a- the 
Square of the Veloci. £71 
A Body therefore moved in a Liquid is reſiſted 


partly in 4 Ratio of the Velocity, and partly in 
; duplicate Ratio of it. The'Refiftance from the 


Cole an of Part in Liquids, except ęlutinous ones, is 
wt bery ſenfible in reſpect of the other Reſiſtance; 
which' a8 it inereaſes in à Ratios of the Square 


323 


ofthe Velocities,* but the firſt in a Ratio of the * .,, 
Velocity itſelf: by how much the Velocity in- 220 


creafes, hy ſo much more do theſe Reſiſtanees 
differ amongſt themſelves; wherefore, in ſwifter 
Motionts*the Reſfiſtance alone is to be confidered, which 
8s the» Syteare of the Velocity. 208 


I'fhall not now treat of tenacious or glutinous 


Liquids, nor of - flow Motions, - in which the 
feſiſtance ariſing from the Coheſion of the Parts 
nuſt Pe Gnſfd er. 

If Linz be txcluded in a Veſſel of a Priſmatieal 
figure, an there be moved along in it with equal Ve- 
leity, and A Direction parallet to the Sides of the 
Prifin;* ro Bodies, the one ſpherical and the otlier 
olindrie, -fo that the Diameter of the Baſe of this laſt 
te gun to the Diameter of the Sphere, aud the Cylin- 
ter le m in the Divettion of its Axis, theſe Bodles 
wil: ſuffer the fame Refiſtance. To demonſtrate 
this fuppoſe the Bodies at reſt; and that the Li- 
quid moves in the Veſſel, with the ſame Velocity 
tust the Bodies had; by this the relative Mo- 


tion of the Bodies and the Liquid is not changed, 


therefote the Adtions of the Bodies on the Liquid, 
ud of the Liquid on the Bodies, ave not changed. 
The Retardation which the Liquot ſuffers in 

M 2 paaſſing 


324 


225 
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paſſing by the Body, ariſes only from this, 
hat in that place it is reduced to à garrower 

| Space, but the Capacity of the Veſſel is equally 
.diminiſhed by each Body; therefore each Bod 
produces an equal Retardation. And becauſe 
Action and Re- action are equal to one another 
the Liquid acts equally upon each Body; where 
fore alſo each Body is equally retarded, when the 
Bodies are moved and the Liquid ate at reſt. 
326 . This Demonſtration will alſo obtain, tho the 
Veſſel be ſuppoſed much bigger; and it will de 

in an infinite Liquid compreſſed; therefore it 
may be referred to Bouies deeply immunſed. Here we 

- Jpeak. of a continuous Liquid, and whoſe Parts 
cannot be reduced into a leſſer Space by Preſſure 
othexwiſe there: will be an Accumulation before 
WE the Body, and a Relaxation behind ; and ſo muc 
the more, the more blunt the Body is; whic 
alſo cauſes a greater Irregularity in the Motio 
327 of the Liquid, and a greater Retardation in the 
IT Motion of the Body. 13 ad Mu W041 
ben à Bod is moved in any Liquid. along, the Sur 
Jace, the Liquid is raiſed before the Body, an 
depreſſed behind; and theſe Elevations and De 
pPreſſions are gteatet abe more biunt the Rodi in, anc 
by that means it ii mote retarded; for there is allo: 
greater Irregularitꝭ in the Motion of che Liquid 
Ain this caſe, which ſtill more inereaſes the Re 
328 tardation of the gody. This is alſo true, if ile Bod 


be not immerſed dien; yet in- that caſe the Irregu ter: 
cauſe of the Retar dation. Trent bn 21707 + ame 
Therefore to take away theſe Irregularities ll net 
ve muſt conſider Bodies as deeply immerſed, andi {4 


give Rules relating to them; by Which the Re 
tdrꝛardations ia ſeveral caſes may. he compared to 

gether. We ſuppoſe the Bodies ſpherical, tho 
the Demonſtrations will ſerve for all ſimilar Bo 
dies moved in the ſame manne. ere 
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Here you muſt obſerve, that e Refſtance in to 329 
be diſtinguſbed from the Read Ui; the Reſiſtance 
reduces the Retardation When we ſpeak of the 
ſime Body, the one may be taken' for the other, becauſe 
they/are in the ſame Proportion ; bur ſuppoſitig 
the Bodies different; the ſame Reſiſtance” often 
generates different Retardations. From the Refi 0 
Ratio ariſer "Motion! engt y iu dhe Motion! of the 33 
Buds the Retav dition e the Colevity, and the Refi. 
ſtance itſelf is the Quantity of Mhtion. | 
Ls the Boilies be "eq 4 tes of different Denftrits, 338 
and moved through the ame Liquid with equal Velo- _ 
ay; ce Liquid acts in the ſame manner upon 
boch * they ſuffer the ſame Reſiſtance, 
but different Retardations; and they are to one 
another as the Celerities, which may be generated 
by the ſame Forces in the Bodies propoſed 13 
that is, they are inverſly as the Quantities of 
Matter in thoſe Bodies,“ or "inverſl as the Der- 
. 0 0 Nigg 2111 a 0 
7 Now ſuppoſing Bodies of 4 fake Denfiey; , ſhe: 


| as vr moved equally. faſt thro the ſame Fluid, the 
Reſiſtances increaſe according to their Super- 


hcies;-that' is, as the Squares of their Diameters; 
the Quamtities are increaſed in proportion to the 
Cubes of the Diamerers'; the Reſiſtances are the 
tities of Motion, the Retardations ate the 
erlties uriſing from them; dividing the * 330 
Quantiries'of Motion by the Quantities of Mat- 
ter 68 willhave the Caterities *; therefore the. 6. 
Retardations are directiy as the Square of the Di- 
zmeters, and in verſly 2s che Cubes of the Dia- . 
+6: Kat is, ve as the Diameters them- 
ſolves, 2 ont mpg: teen 42271 
If ibe Bodies ure equa; move equally fiſt ae 2 
Jide ſam Deuſſey, bur are moved thro” different .. "y 
Liquid ae, Revardatione ave "gr the” Denſities" of « , 
eee A nd TE: 
1 =P e. | 
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When. Bodies equally: denſe, and equal, are carried 


| thrg? 'the ſame | Liquid with different Velocities, the 


Retardations are as the Squares' of Velvcities* x 

From what has been ſaid, the Retardations of 
any Motions may be compared together, for they 
are, firſt, as the Squares of the Velacaties ;* ſecondly, 
as the Denſities of the Liquids thro' which the Bodies 
are moved ;* thirdly, inuorſij as the Diameters of thoſe 
Badies ;* laſtly, inverfly as the Denſities of the Bodies 
theinſeboes,®) tiny num wy 12 229736 

The Numbers in the Ratio compaunded of 
thoſe Ratios, expreſs the Proportion of the Re- 
tardations. Multiplying the Square of the Ve- 
locity by the Denſity of the Liquid, and dividing 
the Product by the Product of the Diameter of 
the Body multiplied into its Denſity, and work- 
ing thus for ſeveral Motions, the Quotients of 
the Diviſions will Kill have the ſame compound 


Ratio to one another.. 


e 


1 „enen 
+ "Theſe Retardations may alſo be compated to- 


gether, by comparing the Reſiſtance with the 
Gravity. It is demonſtrated, that iba Refiſtauce 
of a Cylinder, u bich moves in the Direction of its Axis, 


(ro which the Reſiſt ance of a Sphere ot the lame 


Diameter is equal, “) is equal to the hight of a Cy- 
linder made of thatLSquid,thro' which the Body is moved, 


having its Baſe equal t the Body: Baſe, and-its Height 


equal to 'half the Height, from ubich a Body falling in 


Vadis may acquire the Velocity with which the ſaid Cy- 
h linder it moved thro'the Linuid. From the giwen Cele- 


rity ot the Body moved, the Height of the liquid 
Cylindet is found; as alſo the Weight of it from 


the known ſpecifick Gravity of the Liquid and 
Diameter of the Body. Let a Ball, fur Exam- 
ple, of 3 Inches Diameter be moved in Water, 


1 5% Vith a Celerity which-itwould:;go thro! 46 Foar 
158 in a Second: From what has been-ſaigiof falling 


134 Bodies and Pendulums, as alſa by Experiments 


mad 


122 „ 


e > ot. i note ot, 8. ei we we 6 6: 5 
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nade on Pendulums, it has been found that this 
is the Celerity which a Body acquires in falling 
from a Height of 4 Foot; therefore the Weight 
of # Cylinder of Water, of 3 Inches Diameter, 
and 2 Foot high, that is, a Weight of about 6 
Pounds and 3 Ounces, is one) to the Reliſtance 
of the aforeſaid Ball. 

Let the Reſiſtance ſo diſcovered be divided 7 the 


Weight of the Body, which determines its Quan- - 


tity of Matter, and you will have the Retardation* 
By which Rule the Proportion of the ſeveral Re- 
tatdations is diſcoveted,“ and found to be the- 
ſame às is given by the foregoing Rule. 

Having conſidered the Retardations of direct 
— we paſs on 0 the Motion of Pendu- 

Dis- TILT 

Tune Are defcribed by/s Pendulum ofcilating 
nue, with a Celerity that it has acquired by 
deſcending, is equal to the Arc which is deſcri- 
bed dy the Deſcent; the ſame does not happen 
im a Liquid, and chere is a greater difference be- 


tween thoſe Arcs, the greater the Reſiſtance is; 


that is, if you ſpeak of the ſame Liquid and Pen- 
dium, the grearer the Are f is which is aibrd 
in the Deſcent. 


Der te Selene of dhe Liquid be in Burks: to 2 


the Peloerty ;- and two omni 7 alile, 1 
nN Cycloid, per ibrutions, an 

| ad: Il: the ſome — they begin to move 
. —— are às the Arcs to be deſcribed;ꝰ 

if thoſe: Impreſñous alone Which ate made rhe 
fiſt Moment be confidered;” after a given Time 
; ities wiil be in the Tame Ratio as in the 
for the Retatdations, which are as 
ties themſelves, eannot change their 


Proportions, for the Ratio between Quantities 
is not changed by the Addition and Sabſtrattion 


. 8 
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in equal Date een the: Celerities of Bo- 
es are changed, in their Motion by che Re- 
G iltance, _ which are gone tho Are as the 
orces in the beginning : chat is, as the Arcs to 0 
be deſcribed the Deſcentʒ therefore aſter a- wie: 
ny Tune, the Bodies, are in. the correſpondent Ml (ribs 
Points of thoſe Arcs. But in theſe Points the I and 
Forces are genefated in the ſame Ratio as in the the 1 
56 beginning,“ and the pee of the Celerities of 
Which is not varied by the Reſiſtance, ſuffers Ml tain 
no. Change from the Gravity. In the: Aſcent, 2 8 
_ retards the Motion of the Body but in Wl by v 
88 Points, its Actions are in the ſame ed. 
| Deſcents, And therefore every where f, 
in coreſponden Points the Celerities are in the Bod 
. atio. But as in the ſame Moments the Bo- 
dies are in theſe correſpondent Points, it follows 
chat the Motion of both is deſtroyed in the ſame 
W that is, they finiſb their Vibratibus in the 
Jain The Spaces run, thro? in the Time 
Vibration are. the Forces by which 
— run thro, ; that is, the Aren tba tubole 
ee are as the; Ares deſcribed iy the Deſcem, 
whoſe. double are the Arcs to be deſcribed in Va. 
The Defects of the Arcs. to be deſcribed in Li- 
— from Are eee are the 
Differences of Q zin the ſame Ratio, and 
are t the, Arcs,c eribed þ the Deſcent. 2111 Ho Niet 
Ee there i 1s. is 95 s: Proportion: between 
0 34 t + je * WS, that the Celerities 
the correſpondent % Ares deſcriled, are 
: Nen 2 nb b the, Taſer for 
th NE EAA pod Points are alſo the correſpon- 
dent Points, of, che Axcs;30. be deſeribed in Va- 


e ict We have gemonſrared -$þgr- this 
5 5 holds. n Shot dt arena y: 
343; 7 ance: 


of the Fae. * let the Pendulum 


— 


ook Mt 
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teſt w Taft the lomeſt, 


reales mdr than in 


0- abVibrations,” the 'greaite 
e Ae the Reſiſtaiſce ine 
de Cafe Mond. 3% w 


to Let the Celeritits e, 


a- wequaliin the: correſpondent 


1 © 


1 Arcs not. very 
tits of the' Arcs de- 
nt ſibed, are every where muriy in the ſame Ratio, 
ne and indeed in the Rab of the Arcs deſcribed by 
he WM the Deſcenrs If the Reſiſtance was in the Ratio 
es of the: Celetity, this Propottion would ob- 
rs WM tainj*: but now it is diſturb'd by reaſon of 
greater Reſiſtance in a greater Vibration, 
in by which the Motion in this is more diminiſh- 
ne ed. But it is more accelerated hy two Cauſes, 


re , this greater Vibration laſts longer,“ and the 


he body ſtays longer in a certain 
correſpondent Space in a leſs Vibration, and ig 
longer Time: 29h, the 


ws accelerated during a 


Space, than in the 


ne Wl Defect of the Arc deſcribed here, from an Arc to 
the WM be deſcribed in Vacuo, is greater in Proportion, 


me in a Freater Vibration, becauſe in this the Res 
ch I tante differs more from the Reſiſtance in 

ole Vibration, than i in Numb. 24 1. therefore the cor- 
nt, reſpondent Points keeping the ſame Proportion, 


Aa leſs 


/a- ¶ ire more diſtant from the loweſtPojntin tlie great-· 


Li- 

he 

nd 
233 

ties ro 

are le the Aſcant of the Body, 
for MW Retardation tion concurs wit 
on- flucbi tha 

Va- dent een are loſs leſs diſtant 


in then greater 
nuing N than in 


NN KY 


the pdt gp 


en, produces 4 ler K e 


NN WAALS” I. ve N e 


the Duration of che N 
the Reſiſtance, to di- 
3 8 the correſpon- 

the loweſt Point 
e 1 gonti⸗ 
eg Gravity 


is reſtore 


bers 
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A tn. © 
22857 


er than ia the leſſer Are, as long as the Body de- 
ſcends in ir: therefore in Proportiott it has a great- 
er Acceletation, becanſe the Force which a&s con- 
tinnally on the Body, is as its Diſtance from the 
therefore there is a-compenſation, * 156 


* 
23.4 U ” 


| 


I Mithenttict'Blkymenits Boch . 
therefore now (the Proportion continuing) the 
difference of the'Diſtkne&vF''the "corteſpondent 
Points from the loweſt Point is incteafed, ſo 
that a compenſation is given from this alone. 


The Reſiſtances Which are as the Squares of 
the Celetities; and therefore every where in cor-· diſ 
teſpondent Points, as the Squares of che Arcs fa 

_ (deſcribed by the Deſcent, in which Ratio alſo the ¶ luc 

329 Retardations are; but as each of them keep the ll be 

ſume Proportion in correſponding Points, the ums to 
of them all will be in the fame Proportion; that de 
1s, the whole Retardations, which are the DefeasM ber. 
of the Ares deſcribed in the Liquid from the tt 

Alrcs to be deſcribed in Vacuo; or, what is the 94 

345 Name, the \Differences ber bern the Arcs deſcribed in the It; 
Dieſcent and thi next Aſcent. Therefore theſe Dif- 16 
fetences, if the Nbrationr ave not very unequn, ar na 
ctearly as the Syuaves of the Arcs deferibed H the De- tg 
ſcent. Which is alſo confirmed- by Experiments " 
in greater Vibrations; for'iti'thefe the Propor- + 
tion of Reſiſtance,” which" we treat of here, ob; De 
* 224 'tains® Dl. ü £24 e ee ee eee Sq 
346 Fi the wooden Veſſel A BF C D. (Pine XXIII Ar 
B. s) 3 Foot long, 1 Foot wide, and 1 Foot 35 
high; with Water; hang up the Pendulum V 45: 
by a Hook V hanging over the middle of the N“) 
Veſſel; this Pendulum is made of an Tron Wire 
7 ot 8 Foot long, und 4 Leaden Ball y off by 
tte Distetet of an Inet aud half; Chen the cn 

Pendulum iat kteſt, ge BAH is Utant ; Incheg V. 

from the Borte of the Veſſel. At F thete 1 2 
gteater Ball of Bead; of; Inches Drameter, joined 181 
to the Tron Wire, that the Bulr 5 may be the del loc 
| retarded in Water. © Y * As N * nA wh 
rel ie Top bf: the" Vele), upoti'the buff fo 
"of it; may be moxyed -u Bet abet 5 Lache . 
High; te Speck wean de peter ene divided ke e 
Rulers E G, EG, and che Indiers M. — 1 * 
7 mealulng 


4 
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neaſuring $44 Angles deſcribed hy the Pendu- 
— um i the 1 and Aſcent, by as e 
bo gen Nad. 170. Page o. 


. Let the Ruiers EG, E 6. be at 
liſpoſed, that the Ends G, G, may be over-a- 
anſt, the Pendulum when it is at reſt, and in 
lch manner that between their Ends there may 
the be a D ee gat the Diameter gf the Wite 
umz to which the Bodies P are fixed. Let one In- 
that dex be We to the es Diviſion of the Ru- 


ſects ler, and; another to the 24th. Diviſion of tha 


' *he other Ruler; let. the Pendulum fall from 
che ba Div ren he and. 7 will riſe. almoſt to this. 

Divifions you take 20 and 
— 10 8 he Fabre will ſucceed in the ſame 
manner, as alſo when you apply the Indices 
een i Take care that the 


erfectly at 
e the Arcs deſcribed in \the 
——— another as 4, J, and 6, w 


Arcs from the Ares 

— [3-2 4, he and which ch abs, are to one another 
Squares, as tt In by multi- 

_ them — 1 

H. Boch 12 ;eely deſcending in 
by ee 5 
cont y 8 it.; equally. as in a 
— che! he Liquid 


e 


locity of the. Body. For there is à certain Veloguy 
which is the greateſt that a Body can aequire.by falling ; 
bor Miits Velocity be ſuch, that the Refitance 


of abs, Bach, its, Mgtioa can be.nq longer accele- 
ted ; for the Morion which i is continually or 
I 9 i nerate 


Squares are 16, 25, the Diflerence LINE OW 
decenbeld in the Aſcent, are 


peRive Gravity 45 — 0 ny which 


Vacuum, f the Refiſtance Fe * 129 
a ah chat is, a tion of Acc 
ration, which Diminution increaſes with _ Ve 


free it becomes equal to the reſpeldiue Weight. . 


Al 
1 
| 
' 


247 


348 


172 Mathematical Elements Book Il 
nerated by the reſpective Gravity, will be de- 
ſtroyed by the Reſiſtance, and the Body forced 
to go on equably: The Body continually comes 
nearer and nearer to this greateſt Celerity, but can 
never attain #0 it. LOS: 
When the Denſities of a Liquid and a Body 
are given, you have the reſpective Weight of the 
Body; and by knowing the Diameter of the Bo- 
dy, you may find out from what a Height 2 
Body falling in Vacuo can acquire ſuch a Velo- 
| city, that the Refiſtance in à Liquid ſhall be 
2316 equal to that reſpective Weight,“ which will be 
that greateſt Velocity abovementioned. 
If the Body be a Sphere, it is known, that a 
Sphere is equal to a Cylinder of the ſame Diame- 
ter, whoſe Height is two third parts of that Di- 
359 ameter; which Height is to be increaſed in the 
Ratio in which the reſpective Weight of the Bo- 
dy exceeds the Weight of the Liquid, in ordet 
to have the Height F a Cylinder of the Liquid 
=oboſe Weight is equal to the reſpettive Weight of the 
Body; but ; % double this Height, you will have a 
Height, from which a Body falling in Vacuo, acquires | 
fuch a Velocity at generates a Refiftance equal to this N 
336 reſpettive Might, and which therefore is the greateſt Tm 
Velocity which a Body can acquire falling in a Liquid U wil 
348 from an infinite Height #0 BE 
349 Lead is eleven times heavier than Water, Mi 
| _ wherefore its reſpective Weight is as to the 
Weight of Water as 10 to f; therefore a Leaden WM 
Ball, as it appears from what has been ſaid, can- 
not acquire 4 greater Velocity in falling in Wa- 
ter, that it would acquire in falling in Vacuo, || || 
from an Heigl of 13 of its Diameters. | 
351 , 4 Body lighter than a Liquid," and aſcending in it 
* by the Attion of the Liquid, is moved exatthy. by the 
| fame Laws at a heavier Body falling in the Liguid. 
Wherever you place the Body, it is i py I 
WS 21 | the 
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the Liquid, and carried up with a Force equal 
to the Difference of the Weight of the Quantity 
of the Liquid, of the ſame Bulk as the Body, 
tom the Weight of the Body, as appears by com- 
raring Numb. 293. with Numb. 292. therefore 
jou have the Force that continually acts equably 

won the Body, by which not only the Action of 

the Gravity of the Body is deſtroyed, ſo that it 
not to be conlidered in this Caſe, but by 

which alſo the Body is carried upwards by 2 

Motion equably accelerated, in the ſame man- 

ner as a Body heavier than a Liquid deſcends by 
its reſpective Gravity; but the Equability of the 

Acceleration is deſtroyed in the ſame manner by 
the Refiſtance, in the Aſcent of a Body lighter 
than the Liquid, as it is deſtroyed in the Deſcent 
ca Body heavier than the Liquid, '' | 

When a Body ſpecifically heavier than a Liquid. is 
thrown up in it, it is retarded upon'a double ac- 
count, on account of the Gravity. of the Body, 
and on account of the Reſiſtance of the Liquid ; 


therefore a Body riſes to a leſs Height than it would - 
riſe in Vacuo with the ſame Celerity. But the De- 


felt of the Height in a Liquid from the Heights to 


353 


which a Body would riſe in Vacuo ' with the ſame Ce- 
krities, have greater Proportion to each other than 


. 


the Heights themſelves, and in 7 Heights the 
Defedts ave marh as the Squares of the Heights in 
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— * 12 ps 
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bras hs e "ul a Hud ati 3 9e the 
Fraſſufe of the Jupergneun eng Fluid, 


In 
* - 


A inferiour Fluid is prefled by a fupericu, 
and that equally every. 18 becauſe 
158. is hs pack 8 3 it endeavours to 

55 Eödree; therefore 


770 ' way ſcever * 
Foſs be be away, . it 28 mou uuth the. 
Celerity 5 which will be confirmed by the Exper 


ments to be mentigned in the follewñ ter. 
At the ſame Depth the Calexity i; Ale every 
Where the ſamę, hy reaſon o rhe. wality of the 
Preſſure, but when-the: Dept 4 the 
Celerity alſo is changed 


Tet the velocity does not ae e ee 


jon as the Depth; tho“ the Preſſute fram 


ich the Velocity! ariſes, does increaſe in the 
ſame Ratio as the Depth. The Quantity of Mo- 
tion which is produced ia the Liquid; is the ef- 
fe& of the whole Preſſure; * this Quantity 
increaſes as the Preſſure, r dat the Ratio of the 
'S „ rag of Motion is ednpounded of the Ratio 
the velocity and the Quantity of the Mattet 
moved.“ Here the Matter moved is the Water, 
which goes out of the Hole, whoſe Quantity, 
the — remaining the fone; encteaſes with the 
Celetity ; 


ue Liquid wil | 


ok of Natarel,Philofahby, 175. 
derity ; it will be double if the!Celerity be 
lbled,; in which caſe. the quantity of. Motion 
$di ne that is,” Ane keaſed ag the Square of 
r Celerity, which obtains in any Cclerity ; there- 


bre that > hun re increaſes as the Preſſure; that is, 
44 Hes rf the Wee above the Hole from a which 


ws — 4r —_— — — 


flu XXVI. EE 1.] Fil uh Water che Pa- 
allelopiped AB, which is 15 Inches long, and 
% wide, and 2 Foot high; it muſt be ſo placed 
that its Bottom may be raiſed about 8 Inches 
ove the horizontal Bottom of a hollow Trough 
CD, whoſe length is almoſt 4 Foot, and breadth 
Foot and half, and depth 5 or & Inches. 


b fired ia Braſs Tube horizontally, above half 
a Inch in bore; the fore part of it is {hut by 
Hate, in the middle of which there is à Hole; 


but with a Covet that ſcrews on upon thetJooks: 
am gf the Tube. 9107 20 
"The Celeritics, with, which/the Water flows 
nt from E hen you hawe oper'd the Hole, 
ne compared together by help of this Machine. 
let it move, for Example, in the Line E L, and 
Lr it come to the Bottom of the Veſſel CD; 

his Motion may be reſolved into two Motions; 
he one horizontal along E IL, in the Direction 
hat the Water has in going out of the Hole, and 
the other vertical along ILL the firſt is equa · 
len and the Water, with. the Celetity with which: 
denen, tuns thro? the Space E I, in the 


hatever dhe Celerity be, 1 Lis not changed. 
becazife RI and the Bottom of the Veſſel are 
lotizoped), therefore de time is not changed 
u which 3 * as EIL may be run 


355 


356 


E, near the bottom of the Velel A B, there ws 


whale Diameter is equab vr Inch: that Hole ix 


ane time that in falling it mung thro IL; * 0g 


Gris. ; thro 2 


* 
— —— ee eee YL * 
j _ 
— — — — — 


e with which the. Water ges out; if you me: 


* 355 creaſes * and iti the 
131, are equals; 8 Liquid the upper Paris, as 


Tube E is placed at F, fo that the-Height of 


(1644, SAEMENtS Book! 
thro',. and 1 andy they ar are as the Celeritie 


fure the Diſtatice to w ch the War 
you will ave the Line E. ING 


 Experintent 1 Ss Let there be Woes i the Ve 

ſel AB, up to the Height of five: Inches aboyd 

the Hole at E; let the Diſtance, be, meaſured 

to which the Water Tpouts ; ; if more Water be 

3 in to the ate 18 8 twen — it wil 
ou 


t to a Squares 0 
the Dies coo: are here: che Wight of the 
Water, in which Ratio all ſo are the Squares © 8 
the Celerities. | * — 

Tde Velbcitj of a Liquid, A Dae f 
that which a. Body lin from 9 ; Height: equal wu the 
Depth, would pm Ri for the Velocity of a Liquid 
increaſes, when the Depth of the Hole :bdow 
2 Sirface of, the Liqu qr 1 in the ſame 

tio as the Celerity of the falling Body-inerea- 
ſes: when the Space thro* by the Fall in- 

dee theſe. Veloeities 


well is in a Body at the beginning ef the Fal, 
ee to del cen by Graviny nie rind: 


2 8 
Erberimen 2, Flas XXIV. A Tbis is 
e with the ſame e was uſed in 
the former Experiment, the Veſſel A h is filled 
with Water, and 2. T Tube with a Hole like the 


the © moe Surface... of. Water above the 
Bottom of the Veſſel C, is divided by that 
Hole into two equa e Wnt from that Co 
Hole will ſpout to that the horizontal Hic 


Diſtahce from the Point M to the Hale, will be Nie 
double the Hei 5 the Hole above the Bottom Wan: 
D; hee the Water, by oy wh 

equable 


* INE 


— ue, hn. <o 177 
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e (Aεν 
W 2 A2. 1qUIAS. ' 

3 eye er 
7 Specs ſpoxing 8 aut of a EN 
clerity, ith hie ich 

8 5 Gurfac, Tf he ke 
Þ nver-00Mes up bo that U ; And that | 
nlCauſes:'/ 1. The Galcrity by which, th * 1 
duid aſcends, is diminiſh d a1 1 Momęn 
be Column of * ! conſiſt: 

(ro Tit are movet | 
liferent-( 7 . 8 


Column — where will be 1 8 
nent, as the Celerity f che Liquid Hh 
which Iriſes ſrom che Imp wif of the ut 7 
owingy and which from — Nature of a Ligpid | 
fields to every linpreſion, and is eaſily mov 2 
cry way f by that [mpreflion the Motion is, 
retarded Hh where: 2. This Motion 18 ie 
liminifte by the id e when it hath loſt. 
As Motion, it hangs 25 er Pare of the. 
r is ſuſtained 
quid chat n 
gg whict retards the 
ad- chat Netardation is communicated to the 


. an Wale Cd. 23. * on againſt. 
able f Sides 


N. 


45 . . * rn UW! t 1 21 4. 


oment ag Dy HE 
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HE that, ens It, 
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Sicles of the Hole che Celerity of the Liquid if 
diminifh'd ; which Friction is ineteas d wWhen thi 
Liquid is broughe through Pipes and Cocks 
L Enn, tlie Kirs'Rofiſtaiice . — Motior 
ids. 8 40 1eogond 99 
My The firſt Cake" above-mentioned of the Re 
ltdation cannot be correed; © WH 
Te ſecond is corrected by ſorhewhavinclinin 
| ks Direction of ee as is ſelf-evident] 
359 and this is the-Rgaſow hy a Liquid v. es bighe 
if its Direction le a little e ow” if i Jpuu 
ID. 


892 Jug 


da "Phe XV: pa; J=To/ th 

3565 e 75800 080 of a Scre 

:*. , at N, join the cüitye ube/N O, from - whic 

+ the Water thro? d falt Hole FpwdtS!tp" ben 

caly; by turning che Tube a lisle, which 

afl done by Reafon of the Screw at N, th 

YL tion of 3 Water wir be inclin' 

aſechi higher: But 77 Inclina 

ih the Beep of is defiroy*a;”) >! 

as trade third of the "Oh 
U. IT 


obſerved) 4hit there is 4 greater Frictio 
ion 5 Holes, than in tent ones 


| the Qelerity being inciegſed,” the Friction ah V: 
1  T8hkfoby inercgſec; and therefore'the Holes a 1 
1 9 houſed atcatding tothe "Heights F the;ſponrinf chr 
. Mints 1 0 57} wi a Rank trat 


360 NN Ends of the Pipes from which-the Wate 
pours,” hate Sommoniy the Figure of a tine, 
rt Cone, as is repveſerred at B, (Slut XXI 
aue in which Tad che Water fuſſers a gre: 
Friction, and is moved ir ty, an 

vp with that Irregulartty. This may b 

361 nende by bo ve ing the Eid of + Tabevjth's 2 
1 e aero hich has a H 


Wie ; for then de, un Eber m becu | 
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it tiſes with a. Motion S . it is. wg 
bee 211100 


Epen FI Plate: XXIV. 5 Fg 3-] Take the 
Tube above-mentioned P, as alſo the Cylinder 
Q, ſhut up at one end With a bored Plate; let 
thoſe be ſcrew'd on, one after another, to eee End 


& 1 
1id ig; 
© thi 
:ocks 
Otior 


e Re 


lining} O ot the Tube N O (Hg. 1.) the Water re- 
dent I maining/at the ſame Height in the Veſſel A B, 
igben et it ſpout. from. the Tube P, and the Cylinder 
eu and the Experiments will fully confirm what 


we have ſaid. 

The Pipes, which bring the Water from a Refer- 

wir, inuſt be very wide,” in Proportion to the ſpgutin 
Hole, that the Water may move ſlowly in the 8 
Pipes, and have no ſenſible. Friction. 

For the (ame Reaſon abe * or * 
age of ee woth i uch lat. 
Eggert 3. Plate XXIV. Ft. 1.] To the 
Veſſel AB, ar the ſame Hei! 525 the Tube {© 
de Cork Hz the Pige n N 
dur up in the fame * 4 5 
bor d with 4 Hole of the cas 6 5 f he 1 7 85 
way of tis Cock is a Quarceriof an 


tho narrower Space than that which moves 
thro! ſhe Tube F; .therefore. this laſt is more 
tranſparent, and ſpouts to a greater Diſtance. 
— eſdauce of the Air hag Nee Eff upon 
5 «Min Lo * (for it ſelt may be reckon d 
as will be {aid in the ſecond 
here apply What has 
any Body in a Liquid; 


mg ES we 8; 
been laid ol the Aſcent o 


de  Heights\ in V/acuo are in the Ratio of ch 


FOTOS other n, of. eee, they 


are 


Vater Hh goes thro” this 4 is. 9 55 | 


ad in ſmall Heights, the Defetts o the Heights frm | 
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Nuates of thaſe Heights * ; that is, e 353 
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are in tie Ratio of the Square of the Hei of the 
Liquid above the Hole. Beſides this Reſiſtance 
there is alſo another, not to be over-look? d, which 
is the Action of che Air againſt the ſpouting Li- 
nid. It encloſes the whole” Column of the 
Tees Liquid, and reſiſts that part of its Mo- 
tion, whereby it ſpreads it ſelf fidewiſe, as it 
becomes wider, and there is requit'd a greater 
Force of the Liquid that comes alter, than if this 
Reſiſtance was taken away; therefore the Air re- 
ſiſts by its lateral Preſſure. The Reſiſtance from 
the Stroke of the Liquid againſt the Air increaſes 
with the impingent Surface, that is if the Cele- 
rities remain the ſame, increaſes with the Hole; 
in which Ratio alſo the Quantity of the Matter 
moved increaſes, and upon this Account ' tis no 
matter of what Bigneſs the Hole is. | 
Tbe lateral Prefure follows the Proportion of 
the Surface of the Column; the Matter mov'd, 
which, een being the ſame, is in the ſame 
* 62 Ratio as the Quantity of Motion, follows the 
Proportion of the Whöle Column, that is, of the 
Square of its Surface; Y and ma if che ole 
cee d, the he Qui ntity'of Motion increaſes 
alter than the 1 'retarding'it - "and for that 
365 Reaſon in the greateſt "Heights 95 fene Liquids, 
that rhe lateral Fteſſure (which exerts/a greater 
Action when it acts the longer) may be the 
tter overcome; Hater Holes are reſuir 4; which 
Have alſo bed d before to be requir Ain the 
360 ſame Caſe from another Cauſe; * here, as well 
as here, we ſuppos d the greater Holes only ne- 
ceflaty for the greateſt Heights,” tho” the De- 
monſtrarions prove that "theſe Holes.” which are 
very neceſſary inthe greateſt Heights,” ate i in ge- 
neral to be preferred to others. 
Great Holes alſo hinder. hs: : Motjot); for 
then there i is 2 greater Surface which is preſs'd 
g upon 
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upon by the higheſt Part of rhe Liquid, which 
has loſt all its Motion, and hangs on a longer 


Time before it runs off down. the Sides. From 


theſe two contrary Effects joined together, in al 
Heights there is à certain Meaſure of the Hole, thro 
which the Liquid will riſe to the greateſt Height poſſible. 
Yet one cannot give Rules to determine the Dia- 
neter of the Hole, becauſe the Bigneſs of the 
Pipes of Conduct, and their Inflections require it 
bert ſo that there may be a Variation to 

In xeſpect to the greateſt Heights, tis to be 
obſerred, that the Bigneſs of the Hole, and alſo the 
Height to which the Liquid can aſcend, haue their Li- 
mits, which they cannot exceed. Not only the 
Liquid which is directly againſt the Hole runs 
out, but, that there may be a conſtant Supply, 
the neighbouring Liquid continually comes to- 
vards the Hole with an oblique Motion, and 
1n going out it ſpouts with a compound Motion, 
and the Motion of the Liquid ſpouting vertically, 
is difturbed.; the greater the Hole is, the 3 
is the; Diſturbance ariſing from that Cau 
in pouring, Waters the Holes ſhould never ex- 
ceed an Inch and a Quarter. When the Celerity 
of the. Liquid is too great, it ſtrikes againſt the 
Air e Force, that it 1s diſperſed into 
Drops; in which caſe, by diminiſhing the Cele- 
nty, che Height, ro which the Liquor ſpouts 


e, and 


366 


367 


will be. increaſed, and there is a Height which is 


the greateſt to which a r which 
Height in ſpouting Water ſcarce exceeds 100 Feet. 


Liquids which ſpout obliquely; are not retarded from 368 


þ many.Cauſes nor: fo much, as thaſe that ſpout verti- 


al). The ſecond Cauſe of Recardation®above- 


nentioged, has no place here, and the Effect of · 358 


thefrlt is leſs: As for che reſt, one may apply 
lere what has been ſaid of Solids obliquely pro- 
: N 3 | | jected 


| l 
369 jected, i in 622 


370 


has been 15 ot Solids Re Len projected, may 
be reduced to Expeximents by the hel 7 .of Li- 


1 7% Hal r Elin "A Il. 
7 b Wy 


quite to the end o t ket 1575 "And e 

may be confidered a ; 11 

kids following aue e en th E Fu 
Way. In the Motion, of. 3 Lad 105 5 E 
thro! may be perceived by our Sen Gy and what 


ids; for doing which we muſt .make uſe of 
icklilver, becauſe of the great ſpec; bick Gra- 
vity of this Liquid in E 0 ot 15 But 
theſe Experiments are 55 be made by a part: Kn 


2 
dot 21 gorely 


Machine contrived ; as follows, 
pee XXI. 5 4.10. rue  Wopder 41 rough 

A,B, C, D, E, F, is four, Foot 17 8 an half 
broad, eight or ten Inches. long, and 5 or ſeven 
Inches high; the Bottom i is made ot a. 1 0 
hollowed in half au Inch, to contzin the Mc 
cuxy the better. 

95 the end H, of the Side E. F, en ha 
a Board H. I fix, ches, wide, and ;two k 
high, hh ns. it a Slit l. ' thi 
you may fix to any. Height upon the Bo: 
Wooden Parallelopiped Which has aScrew vt fixed 
in its hinder Part. ; weak 


The ſecond. Fi Os, e this Be 
3 % A 


piped at at 8; 50 e fingric 


eſſel ol Box Wood, which Groove round 


it to receive, two E 1 5 of Which may 
be. ſeen at Fe; theit Ends ate joined together 
by the Screw, bs 28 do ie 1 oK N eſſel Fi 
See cl ee by prope 


which will allow it to. 7 al 275 
x: 9 800 DTS] 8 7 
ric Cavity a b, a +8 0 hameter ; ; 
this communicates with ind fe e, which 
terminates in the middle of the greater Cavity: 4 7 
e whole 


its AXIS. 
Elin 8 
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vhoſe Diameter is an Inch, that it 
nay e aue h ne of Box H, Which 
js joined to the Cylinder FL "Die: * 27 
Thie truncated None H exactiy fills the Cavic 
y £4, And"is held faſt in it by help of the Screw 
R, that goes thto' rhe Braſs Plate QO, but. ſo 
= this truncated Cone may turn enn its 
$, 
ug In chis Cone as well 15 in the cylinder 1 Ly 
Ira there is 4 Cavity h #1, of the fame Diameter as 
Bur J che Cabity 5e, and anſwering to it. This Cylin- 
1 der I L has a Glaſs Tube N N cemented to it. 
The Tube is a Foot and a half long, one end 
of which is ſeen at N M (g. 5.) which is ce- 
oh mented. alſo to the Box Cylinder L I, which is 
has hollowed'ar 1 h, with à round Hole in the Form 
en K 4. Gnômon, or Carpenter's Square; at ho the 
0 GAy is greater, to receive the truneated Cone 
*, cn, that exaQly fills it, and is moveable about 
is Aus by the help of the Handle EA 
are The Cavity h i anſwets to the Cavity de, 
oor which communicates withy fg; chis Pare of whe 
ans Bor bas dtiven upon it an book Ferrit B | 
f which is drifted a very fall Hole g, which Jen 
zed che e irt of the Mackine are joined together, 
5 ern with” the: ok or the Box P 


lo- if SE 
oe th ths Tabe fon (Fig Tan 
Eo «Bo ylinders top 
May withithe'Thbe, are 1 96.5 orgs to 2 fireight and 
ber fit piece of Wood 1m» (Ng. x:)whoſe lower End 
101 5 has an Iron Place fixed to it (as may be ſeen in 
| + 6 ** End LPBQis bent in the Figure 
of a double Onomom; when the End L (Fig. 5.) 
MM &. 7 Box Cyunder is applied to the End of the 
* "MN TI of Hg. 5. x ficy to I of Fg. g. and 
. e Ae "eo N BD 


4d, "FN 16.3% 
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B D: of Hg. 5. and joinsſit firmly to the Cy lin- 
dei BI. d wi ig ei ban Hue 
All the Parts of the Machine may be ſeen 
joined together at Fig. i Quickſilver being pour- 
ed into the Veſſel pj: ſpoyrs out of: the Hole g, 
Fig. 5. When the Mercury is at the ſame Height 
in: the Box, and you don't vary the Inglination 
of the Piece n, the Mercury ſpouts with the 
ſame Celerity in an Direction; but the Liclina- 
tion of the Direction: may be varied by moving 
the Handle e a (E A, in Ng. 5.) The Angle that 
the Direction in which the Mercury goes out of 
the Hole makes with the Horizon, may be meaſu- 
red by help of the Quadrant 3, along which the 


Index h is moveable, which by its Weight is al- 


ways kept in a vertical Poſition. This Quadrant 
may be ſeen in g. 7: with its Index F H. It has 
2 Rings behind, to receive the Handle E A, Hig. 5. 
When this Handle is vertical, the Index hangs a- 
gainſt the 45th Degree, and the Direction of the 
Motion of the Mercury which ſpouts out then, 
makes a half right Angle with the Horizon. 
In Fig. 1. the Jets of Mercury in their ſeveral 
Directions are repreſented: They become the 
more viſible by heip:of a Wooden Plane G puint- 
ed black, along v liicli che Mercury in its Mo- 
tion does almoſt flide: Upon this Plane muſt be 
drawn the Ways, which à Body (acebiding to 
what is ſaĩd in Numb. 22.) tuns throꝭ, When it 
moves with the: fame; Celerity accotding to Di- 
rections hich make different Angles with the 
Horizon. Alſo the Semicircle A L of Plate XV. 
Fg. 5: muſt be dran upon tlus Plane, tho it 
could hot be repraſented in this. Figure: 
There are ſeveral other ſuch Planes, in which 
the ſame Things are drawn, but ſo as to repre- 
ſent the Ways of Prejectiles, Ce. According to 
different Celerities. 1 57 IT Get Tic 
” Nee i Fo | ö 8 


»- 


Books Il. of \Natural\Philoſophy." 195 
in- This Plane ſtands upright near the middle of 
be T rough, and bears againſt the Side E FH, 

ren oo as to move backwards and forwards accord- | 
ur- Wing:co the length of. the Trough: Fi 
g, WM The Celerity of the ſpoutipg Mercury i is varied” 1 
gut s you change the Inclination of the Piece m; ; (| 
ion d by lowering the Veſſel p, the Hole thro” | 
the ¶ rhich the Mercury ſpouts, is ſet. to the Direction 
na- of the. Lines drawn on the Plane. ü 

ing The Mercury will ſtop its. i when the 
hat WI Cavity a6. (Far 85 is e e the Pin 1 E 
of Wot E. 1 14A 


the Beier 4: Plate XXIII. Fg. I. ] The Parts 371 
al- Wot this Machine be ing joyu d and fix d together, as 

ant n the manner above deſcrib'd, incline the Piece 

12s Nin, till the Height to which the Mercury is to 

-5. ¶ bout, when it aſcends to a Direction almoſt ver- 

a. ical, is nearly equal to the Diameter of the Se- 

he nicircle deſcrib'd on the Plane G. Let the Veſ- 

en, Nel be fix d at ſuch a Height, and the Plane G 

be ſo plac'd, that the Axis of the Circumvolution 
ofthe; Cylinder B.D (Fig. 5.) ſhall anſwer to the 
loweſt» Point of the Semicircle abovemention'd. 
Which; way ſoever he Inclination of the Dire- 
tiol/of:the: Jet (that is of the Projection) be, 

ts Amplitude will abways be the Quadruple of 

the: Line BM in the Semicircle ABL (Plate. XV. 

L Fg. 5.) There is indeed a ſmall Difference, which 
chieflyariſes from the Reſiſtance of the Air, and 
niit be obſerv d in ha nloming Ern a 


1 . ] The Machine being diſpos d 28 372 
Icche foregoing Experiment, if the Mercury ſ 
ch ia two Directions, and the Iaclination of one 
re- Wot them exceeds a half Right-Angle, as much as 
to the othet is under it, the Mercury will cut the 
0 82 Line which. is drawn from the Lee 
$ oint, 
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Point of the Semicircle on the Plane G, juſt j 
the ſame Place in both Cafes. | 


Experiment 6.) Ev _ being diſpos'd as 
15 beider if the Way for any Direction of Moti 
be drawn on the Plane, and the Index F h agrees 
with that Diviſion of the Quadrant which de 
notes that Inclination, the Mercury in its Mo 
tion will follow the Line drawn to repreſent 
its Way.. If you draw the Ways for ſeveral An 
gles, by the Motion of the Handle ae, you wil 
bring the Mercury to ſpout in Jets that go along 
theſe very Lines. : 


2 


eriment 7.] Let there be another Plane as 
mY G7 2 the Lines above - mention d are 
drawn for another Celerity of the Mercurial Jet 
and the Experiments will ſucceed in the ſame 
By the ſame Method, as we do by a Semicir 
cle determine the Diſtance to which Bodies ob 
liquely projected will fall, one may find the Di 
ſtance to which the Liquor coming out of the 
fide of a Veſſel ſpouts, hen the Veſſel is ſet u 
on a Horizontal Plane; which Diſtance is diffe 
rent according to the different Height of the Hole, 
et upper Surface of the Liquid remaining the 


375 Plate XXIV. Ex. 4.] Le A B be the Height of 
a Viſfel lf d with a Liquid; ſuppoſe this Height 
cut into two equal Parts at C, with the Center 
C and Diſtance E A deſcribe a Semicircle; l 
there be a Mie at E; \aftly, draw E P perpendicu- 
lar to A B, and terminated in the Circumference 
of the Semicircle at D. Ter the Eiquid ſpout fron 
Eto F in the Herizontal Plane, and the Diftance 
B F will be double the Perpendicular E D. * 
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Which will be demonſtrated, if we conſider, 
that the Liquid, with an equable Motion with 
the Celerity thay it; has coming out of the Hole, 
wou'd. (in the time that a Body can fall from 
Eto B) run thro the Space BF. 1 

In all Motion, the Time remaining the ſame, 
the Space gone thro is as the Celerity * ; the 53 
Celerity remaining the ſame, it is as the Time: 
Therefore if you change the Time and the Ce- 
letity, the Space gone thro' will be in a Ratio 
compounded of the Celerity and the Time ; and 
multiplying. the Time by it, you will have the 
Space gone thro” ; that is, if you apply this Op- 
peration to different Motions, you will have ſuch 
Quantities as will expreſs the Proportion of the 
Spaces gone thro”. ' If you compute the Squares 
ot the Celerities and the Time, you will have 
the Proportion of the Squares of the Spaces gone 
thro'. A E here expreſſes the Square of the Ce- 


209 


rity ; EB the Square of the, Time; there- * 35s - 


fore the Product of thoſe Lines expreſſes the 73" 
Square of the Space gone thro BF. But that 
product is the Square of the Line E D, which 
therefore, changing the Hole, increaſes and di- 
niniſhes in the ſame Ratio as the Diſtance B F. 
Suppoſe the Hole in the Center C; B G, the 
Diſtance to which the Liquor ſpouts, is equal to 
I it is double the Perperdicular;iwhicly* 35, 


may be drawn to A B in the Semicircle; 134 


which therefore. obtains in all Holes; and ED [ 
will be the half of B F. 0. 1 * 8 v2 3 
Hence it follows, that a Liquid ſpontimg from # 376 
Hole in the Center C, will go to the greateſt Diftanc® * | 


rr Ly" 22 92 
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make uſe of the Machine, deſcribed in the fore-  - -* 


pong Chapter", Ler de Wer (pourfrom the-* 356 
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Hole EF, as in | Experiment 2 2. Chap, VII. iet bit ſpout 
at the ſame'time from E, and alſo rom G, where 
== is a Tube like thoſe Which are made faſt at 
and E; the Hole G is leſs than F, but the 
Hole E is farther: diſtant from the ſurface af the 
Water, the Water comes from neither of them to 
from? Diſtance to a it c a * {ng 
m F 5 a 


Plus XXIV uy 3 ws Shay FETAL 900 

ir fallows, That the Water ſpouts to the ſame Di- 

N Kante from the Holes E e equally diſtant from the Cen- 

ter C, becauſe in that We the on cam 
EDand Eg are-equal., 5 


17 "A 
377 - Eee ee XXIV. mg 1 11 5 F bly ke 
let there be 9 2 horizontal Line wh which Ve Heigl 

a- 


through H; if H G and H E are e Heig 
ter In M0 from each Hole Ga 14.70 1 75 In 
. 7 341 316 ing it 
Os LEAN. e = 
4 Lin wing out of Ve c. 
regularities in that orion! 3 ne. 

1 em 
15 E Quan of a Liquid, » whichjn a 15 
1 5 15 a Given Hole 12 ſes in is he 
9 to Velocity 5 ne ae 
out; this depend upon 80 5 8 Wen 
ve the Hole, and tis no matter to what Hot 
g an Motion of the Liquid is e 2 ML 
r fore the ares of t the Qt Quantities, fevin a, are Dia 
Nee e abe 4 above i the WW fron 
* Hol. 
In the Time in whi 2 Body fal freely 1 
etz through the ahh 6 of the Lig 14 above WW int 
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umn, and i if the Height of the Liquid 

i Ho is Kjown, the Mel Column is 
<br 3.th "Ting 40 is Fakily, determined by 
DE hers of Pcydulums,, 13 ut having found 
what Quantity flows, out in a known. Time, one 


11 know "what vantity will flow out in a gw 
me. . 


Here you muſt dbſerve that the Reſitance - 4 


the Air = the. Friction of the Liquid againſt 
the ſides of the Hole hinders the Motion of the 
Liquid, and that the Rule abo entioned does 
ot ex AC obtain, andthat Wee ways flows out 
ales Quantity than what there is determined by 
b. Yer” making, Experiments. with, Water, it is 
plain that the Squares of the gantities which 


low from the ſame Hole in equal Times, ſenſi- 


by Arai . 7 SALE of of the, Squares of the: 


fa ending fil gh 
125 Lear Ts are not 10 Le by Wo A 
ing in of the Liquid, the Celexity of the Liquid 
flowing out is continually changed, to which 
y muſt ber had when you compare toge- 
ther th — — —— are 


em ied. 


Veſſels th 

2 e 

0 om 4 
RE 55 to fl Mt, om. 


"Th 7 Non ny "Which SHA "5 th of ihe 14 379 
= and Height at 9 5 5 'the Hd few 


"Holes, are to eath other inver ſly as th 
f vs ſuppoſe — theſe 1 8 are divided 


ine very { {inal leg ena Lars 75 parallel 
their Bae; and that the ie Cad Ve 
* dif rol, N , I deere 


above y.1 * Hole, in | 


a” Ts wh | 
5 "and w t 
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that are to one another ut the Baſes of the Cylinder. 


381 „ Lallhy 127 there le e O Hie Paſels, whif 
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the ſmalleſt Parts, one may; conceive \that- the 
Celerity is not changed in the Evacuation of one 
Part. The Quantity af a Liquid which flows 
from a Hole, M the Celeriry;ts:not changed, in 

| exeaſes with the Hole and with the Time; that 
is, in 4 Ratio compoimnded of che Time and of the 
Hole. The correſpondent Parts in the Veſſel 
are emptied with equal Celerities, and the afore- 
ſaid compounded · Ratio obtains here : the ſame 
Parts alſo, that is, the Quantities of the Liquid 
which flo. out, are equat; wherefore the Diffe- 
rence of the Times is recompenfed by the Diffe- 
_rence of the Heles; that is, the Times are in 
tze ſame; but inv erſe Ratio, as the Holes. Now 
as this happens: in all the cotreſpondent Parts, 
it mult alſo be referred to the Times of the 
Whole Evacuations of the Veſſels BliE 
280 HMben the Leſſels are cilindric, unegual, aud equal 
ty high, they are emptied thro*\ equal Malene in Tine, 


Let the Veſſels again be ſuppoſed to be divided 
into very ſmall Parts, and equal in Number in 
each Veiſel; che Liquid ef ihe correſpondent 
Parts flows throꝭ equal Holes, and With cqua 
Celerity : therefore the Quantitias that fe out 
are as the Times; and e 47 nwy. corre- 
- poadent Parts chemſelves are iir chat Ra 0 of 
the Times, which are as the Baſes of the Cylin- 
ders: but the Times of the whole Evacifitions 
are as the Times in which the corteſpondent 
Parts ave evacuated.- t nt lÞ thy 


_ Baſes ure egal, tut their Heights," for Example, a. 
1 m 4, Au let them be evatuated thro” equtalHoles : 
Let theſe alſo be conceived to be divide into 
very ſmall Parts, hy Planes parallel to the Baſe; MW the: 
and let; the Number! in choſ Parts be. cqual in I be. 
each Veſſel; thoſe Parts will be to one another 
9 4 ' 4 . as 
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is the Veſſels, that is as t to 4. We can conſider 
erery Part as evacuated by an equable Mo- 
tion, becauſe the Parts are very ſmall; the Cele- 
tities in the correſpondent Parts are every where 
251 ton,“ becauſe the Heights of thoſe Parts 355 
above the Haſes are as the Heights of the Veſſels, 
which ate as the Squates of thoſe Numbers. 
hence it follows, that the Times in which 
correſpondent Parts are evacuated, are to one 
mother as 1 to 2; becauſe in twice the Time 
with a double Celerity, * Quantity is 
eracuated © But as the Times are in the ſame 
Ratio for ench corre ſpondent Part, the Times in 
which the whole Veſſels are evacuated are alſo 
as f to at If the Veſſels are as 1 to 9, the 
Times will be, by a like Demonſtration, as x to 
3; and generally the Times are as the Celerities 
in which correſpondent Parts are evacuated, the 
Square of whoſe Celerities are us the Heights of the 
Veli, in e row ras are the nes Ow 355 
Timer. SQ O07 AV ir th 76! $612 90K 
G11 A « THE 16-1; 116% Un: 14; 1114; 

erben 1. Pl, KALV. Ng. 2. Let there 
beohroe'ehin 'Cylindric Veſſels of Mecal A, C, B, 
b Diameters, and whoſe Heights ate 
25 N 3% and g; let each of them have à Lip in the 
Top. ti let the Water run out, when it comes to 
Cain Height, which Lip muſt be reckon d 
the Top of the Veſſel; dE Bottoms of the 
Veſſels & and B, which are as 1 and 4, let there 
be equal Holes, and let them be Gia with: Wa- 
ter; let the Holes be open d in the ſame Mo- 
ment q if che Water running out of-B be received 
in che Veſſel C, it will be filled in the ſame time 
that A is etacuated . C contains three quarters of 
the Vefſel B; the Quarter which is leſt will alſo 
be evacuated in ale edu as the Bid. 
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which is evident ta Senſe; therefore Ais ene 
Wh twice wiulit B as emptiad once, 
| 382 © The: Times inahich:any(Cytindric Veſſels ave eus. 
*382 cuated, ane in a Ratioicompoundsd ef the Baſes, of the 
2399 inverſe Ratio the Holen Srandtof:1he Square Rous 
| * 381 of the- Height s. 231524 KA: 3615; esl 44; OH $ 
383 . ACylidricVeſſel may be ſo dreidedy that: theiPary 
intercepted lt een the Diviſong.yfballcbe' emptied it 
equal: Times, which will happen ij the Diſtancei of the 
Diwifions. from u Baſe le as the Squares: of; the na- 
rural Nunijersg) ſor the Times of the Evacuati 
ons. ot the: Meſſels, whöſe Heights are: in that 
38 Froportion, arę as the naturab Numbers, and tie 
Diſterences of the, Times are equal. the 
| The Time in which a eyliodtie M eſſel is emptied, yet i 
A sas the Ceſerity with which the. Liquid begins to Dire 
| 


81 run out therefore the Celcxity, while the Liquid I acce! 
355 deſcends in the Veſſel, is diminiſhed in the ſame I folto 
Ratio as the Time of- the Exacuation of the Li- chen 
der quid remaining in the Veſſel, and the Moriau A a Veſſ 
384 Liquid running out of a cylindric Ve fel, is equally an 
In retarded i in equal Times. 7 
385 theo ede ig dns mcef  Gnlieer, i0 
4 ut of another, Veſſel of the ſame Height ( and in I fd, 
| which the Liquid in always ſappliad Jo as tobe kept at ihe i equa 
| JameHeight) in the Time in which:he ¶ linden ir amptied, ¶ toge 
| there num 0u8 twice at meh Mater rom the ot h Veſſel N of th 
. from the Cylinder. For, becauſe of — te both 
Height of, the Veſſcts, the: Celerities in 
ginning are equal; che Celerity of the Lide ſels 
-which comes out of the, Veſſel that is N tion 
x full, is equable; the Celerity ob the-Liquid I with 
.whichrruns out of the Cylinderzi isequably retard Wat 
ed. Therefore, whilſt th Cylindet is emptying, I goes 
there will flow twice as much. Water out of this fel E 
be eſſel as out of the Cylinder: For: if two Bodies iſ canin 
ee with the Lal and the — — 
ES G * of tl 


- — — 
* 


. —— —— —_Ss 
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goes with an equable Motion, and the ſecond 
W wirh:a Motion equally retarded; and they move 
a- tilthey: have loſt-all that Motion, the firſt in 
the that Time will run double the Space of the ſe- 
n cond ; chere the Liquor that runs out may be 135 


look d upon as the Space gone thro”, becauſe the — 
rts Holes are equal. 4 3133 (ONION ASL RG + 
in I 0h 2he drregulavities from Friction, and the R 386 


the WM ſtance of the Air, there are ſeveral others avifing from 

: the Cohe on of Parts, even in Liquors that are not glu- 

ti 110098. 1-ſhall here only ſpeak of Water. We ob- 

at i ſerre in relation to it, that tho“ it be driven by 

ite i the ſame Force in any Direction, the Height of 354 

dhe Water above the Hole rlemäining che fame; 

d, yer it will deſcend the more ſwiftly in vertical 

to Direction; the Water in falling is Lontinually 

nd acceherated in its Motion; it ccheres With the 

me following, and accelerates thar, and ipereaſes 

.be Weldeity of the Wüter fleck ing eue ef the 
W 


* 


14 Veſſel NG Minu 1th v Set ok üer et. 
ally nn Sv. 7 05 9 4454 WNT rap | 
Plate XXIV. Fig. 2.] For this Reaſon the Mo- 387 

tion ont n Veel "that Pits n Tube fix'd to i under 

fle, i Alſo ucrelerutel. Let E be ſuch à Vefſel 

equa! und ſimilar to the Veſſel A,; and which, 

togerner wirt the Tube, makes up the Height 

of the Veſſel B; let the Tube have the Holes at 

both Ends, equal to the Holes at the Bottoms of 

the Veſſeis A and B, fill the Water in the Vef⸗ 

ſels A E, and B. In the beginbing of the Mo- 

tion the Water flows from the Veſſels E and B 

wiel equal Celerity, becauſe the Heights of the 

Water abobe the Holes, from which' the Water 

goes out, ate equal; but the Celerity. in the Veſ— 

ſel E, is immediately diminiſhed,” becauſe there 

cannot Fin a greater Quantity of Water out of 

the Tube than what comes in at the uppet Hole 

of the Tube, into . ra no more Water 
240 * | Can 5 


A. Since the Parts of the Water cohere, the Wa- 
into the Tube, and this laſt retards that which | 


bove-mestioned; fill wich Water A and E; | 


Mater will fow out, and the Water hi 


greater Quantity of Water, than om an equ”l 
be done by applying a 897 pw r Wi- 


Veſſel F. no way different ſrom the Veſſel E, but 


Time, the Water of the Surface at E will de- 


greatet Quantity of Water fall ſlow out from it 


cen hs the above · mentioned Veſſel B The 


eee eee, 5 


ter which runs out, accelerates that which runs 


runs out; and fo the Quantity of Water which 
in a certain Time runs out ot the Veſſel E, is 2 
mean Quantity between the Quantities of Wa- 


ter that can run out at kate lame Time An 
* 18 A and B. 5 a . 


Nee 2.J The . AE and B being 
made of ſome thin Metal in the 0 a- 


ving open d che Holes at the ſame eee 


ſcend faſter than that at. A: On rhe contrary, 
if you make uſe of the Veſſels E and B, it wil 
deſcend-faſter in the laſt 1 the firſt. 

Let the upper Hola of the Tube, by — 
mnicates with the Veſſel, remain as before; and. the 


lower Hole be open'd wider ; then a greater = 


into the Tube will he more: accelerated; is 
Hole may be made ſufficiently. wider without al- 
tering the Length of the Tube, inſomuch that a 


than from the Veſſel B. In that cafe thro the 
upper Hole of the Tube, at 2 ſmall Depth be- 
low the Surface of the Water, there flows out a 


Hole at fout times the Depth. The ſame may 
dening e Hole. 
 "Exprimone'3. Ps XXIV. Fü. — Tale the 


in having the lower Hole of its Tube bigger; 
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Diameters of the Hole in the bottom of this, 

and of the upper Hole of the Tube which is 
Joined to E are of four Lines, (or fr of an Inch) 
— lower Hole of this Tube is of five Lines. 

Let the Veſſels be fill'd with Water; and let the 
Water begin to run out of both at the ſame mo- 
ment; the Surface of the Water in F will de- 
— faſter than that in B. Lon * Veſſel B is a- 

bout 16 Inches high. 8 


"CHAP. X. 
of the running of Rivers. 


Dzrinirion: 1 7 
HE Water that runs — in 389 
a Channel open above, a . - 
rer (Place N Fig. 1.) why 


„ „Dir 182x303. M. 

A River is faid to remain e fame Sears, 390 
ir to be in a permanent State, when it flows uni- 
formly ſo as to be nnn 2 
eee 1 


en net, 7 - 
7 which cutting a River is. perpendicular to 
te Batrom, a3 p 0 # 9 is called, the Section of a 


When a River is terminated by flat Sides pa- 
rallel to each other, and perpendicular to the 
Horizon, and the Bottom alſo is a Plane either 
horizontal or inclined, the Section of the River 
with theſe three Planes makes e and 
is . 5 4 55 

every River that is in a permanent ate, t 392 
ſame Quantity of Water flows in the ſame Time thro 
* r 


391 


196 


it, the 


Mathematical Element 


28 great a Supply of Water, as 1 7 runs from 
River will not remain 155 he ſame State. 
And this Demonſtration will 


| Bock I. 


good, What- 


cyer be the Irregulatity of the Bed or Channel, 
— which in another. reſpect {vera Changes i in 


5 


395 


the Motion ot the River ariſe,; as for Example, 


a. greater Friction in proportion 0 the greater 


Inequality of the Channel. M 
. Lhe Irregularities in the,M otion 


of ; a River 


may be infinitely varied, and Rules cannot be 


given to ſettle them + Ther 


efore, ſetting aſide 


all lrregularities, we mult examine the Courſe of 
Rivers ; for ubleſs the Laws of Motion. be 
known in that caſe, we have ng Certain Foun- 
dation for determining any thin 


Therefore we ſuppaſe / the 


regular Channgl, without 
and that the Ch 


cal; and alſo that, 590 Bottom IS a Plane, and 


inclined to the. H. 
2 E be the | 


ats ran in a 
any ſenſible. Friction, 


annel is terminated with Plane 


Sides that are parallel to one another and verti- 


— 95 R 15 the Mater 


1 55 4. greater Recepracls c or. Head; and let 
98 ater always remain in the ſame Height at 


the Head, ſo. that. the. Ri 
nent State. *The: Vater deſcends along an in- 
* 144 Clined Plane, and ĩs Bae $ * whereby, be- 


ws", thro! 


cauſe. the. lame Qi 
* 392 every Section,“ 


cede from the. 


wiſhed, and the VS ' 
the Figure 2 


1 75 


Aker ferent 5 


the Channel 
: if there be a 25 
ter will ſpout the faſter thro? the Hole, 


more diſtaut n rhe, Furkgte 


> 


9 5 or 


- 


Quantity of Water 
Height of the Water, 


15 f ſoppaly £0 
3ro| be ſhut u 
made in the 


5 
* 


ver maybe in a perma- 


as. J re- 
Mitbe ls 1s continually, Ami- 
- of the Water, will Aue 


To derermipe the Yelacity. of. the Ware 2 
lane; 
Ae” 9 90 


8 the 


* the 


Water 


3 70 that a Body falling from the Surface of 
the Water to the pth*of the Hole below it 
would acquire; bee Ariles from the Preſſüre 
of the fuperitcumb ent Water There is the ſame 
Preſſure, tllat is, the ſame moving Force,” when 
the Oböltacle at K C ig taken away ; then every 
Particle of Water enters intò the hannel, with 
the Celerity that a Body would acquire in falling 
from the Surface of the Water to the Depth of 
that Particle.” This Particle is moved along in 
an inclinedPlane in the Channel, with an acce- 
lerated Motion; and that in the ſame manger, 
as if in falling vertically it had continued its Mo- 
tion to the ſame Depth below the Surface of the 
Water in the Head of the River.“ So if on 
dra the *horizonralt Line 1, the Particle at 
will have the ſame Celerity 28 4 Body falling the 
Lehgth'; C, and running down Cr, can 1 — 
quire'; lich. is the Cette 85 quired” by 
Body in falling down : 7.” Therefore the So 
ty of 2 Particle ma be every Whete meaſured, 
Abe floſn it a Ferpendiculat to the horizon: 
tal Plans Which is conceived to run alon = 
Surface of the Water in the Head. of rhe 
and the . which 4 Body acquires in fall 
ing down” that Pe 
he Pe the Pace; which 18. tester, the longer 
Perpendicular is. From any ont, 48 /, draw 
eee, the e of the River, 
r will medfure the Height t Depth of the 
ow Since 1 is inclined'to the Hotizon, iT 
fo the“ Nberar Points of wo Line you draw 
19950 endic 19950 to f „ they wil be the ſhorter; 
| wy 5 iſtant they are 7 and the fron 
Fthen, al 91 0 be / 9 Therefore the Cele⸗ 
nes pre Patticles in e Lt ate ſo much 
doe let, the nearet they are td the Surface of the | 


Q 3 ; * 4 


ber of lar bbb, 195 
Water HI; and the Water will hive the ſame 


rperidicttar;' Win be the Cele- 


395 


*39 


35 7 Les the upper 


* 296 Catara8is: nen ingreaſed / and the Water that 


Z 
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394 Na, and the lower Wattr 4s moved eee. 


pper Vater. ;H of 340 doaidw n bol 

/ But jet the Celeritiet of thoſe Mertz uhr "River 
ey on, continually approach neaver and nearev'to an 
Equality. For the Squares of thoſe: Celerities are 
at to g, the Ditterence of which Lines, as 

recede from the: Head of the River, is con. 

rinually leſſened, becauſe of the Height r 5,* 
which is alſo continually diminiſhed as the Lines 
the mſelves are lengthened. Now as this obtains in 
the Squares, it will much more obtain in the Ce- 
lerities themſelves; -whoſe Difference therefore i is 
N tc ech WA 

Ik the Inclination of the Botrom be changed at 
e Head of the River, ſo as to become y , ad 
a greater Quantizy Mer ffouu into be Chunnel, 
1 will be Higher every where in the River; bur ehe 
 Cehevity of the Mauer is no where changed: For this 
Oelerity does not depend upon the Height) of the 
Water in the River, but, as has been demonſtra- 
ted, from the Diſtance of the moved Particle from 
the horizontal Plane of the Surface at the Head 
continued over the ſaid Particle; whick Diſtance 
is meaſured by the Perpendicular *, or . but 
theſe Lines are not changed by the AMux-of Wa- 
ter, provided that the Water remaids at che fame 
Height in the Baſon or Head. Hd adi 39.1 


an Obſtacle, a. N. ue deſcends n liiri uu below 


the Sutfate of the'Wiitty 5 the whole Water which 
comes cannot rut through, therefore it amt '!riſc 
up: But the Celerity of the Water below this 


comes on is contityally-heaned upp ſcthat at 
laſt ie muſt riſe ſo as tO lo 1 Obſtacle 


or che Ranis ef the River. But M vh6:Bawks be 


raiſed: and the Obſtadle be edntinutd;” thi Huge of the 
Eu men FE WOK; 2 
that, 


4 

2 

m 
to 
Ch 


M. Chum! bs floppetd'up by 


ade Ses Farm 3888822 BOO 


{ny 


0. 
2. 1 


72" 


— — —— — — 8 
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ereaſed: In which caſe the Height of all the 


that · the Celerity of the! Watet cannot be in- 


Water in the Head will be inereaſed; fox as we 
ſuppoſe the River im a permanent dra, there 


to the Head as there runs from it down the 
Charmel:; But if leſa Water runs down, the 


Y 
' muſt contiiually be asg great a Supply of Water 
A 

F Height muſt neceffarity be increaſed in the Head, 


$ till the Celerity of-the Water flowing under tbe 


n Obſtacle be ſo much incraaſed, that the ſame 

Quantiry of Water ſhall run under the Obſtacle 

$ as uſed to run in the open Channel before. 
All theſe Things, as we have already faid, if 


the true Motions agree with what we Have ſaid: 


X . rt 


tiew of Water by timents, and ſo determine 

the Valobities themſelves, as to 55 the 181 

gone thr in 2 x Tine i 
Hor 3s - 17%: 

et XXV. b 9 464 be a Qua- 

| dane divided into Degrees with 2 Thread in 
the Center, that has at the other End a Ball P 

-baiigungs vchichꝭ is hæav er than the Water. 
Let the Ball häng Within the rannlwg Water, 


r 1080 


3 


'of the Water will be ſo fat ſuſtaiged, that the 
Phiteed E C will make. dhe Angle FC A, with 
the did C A, which will ſerve to e the 


be Ball being at teſt in the 
by nbere Powers; by ita Gravity it e gurg to 
Yelectid vertically { by rbe Action of che Liquid 
ir is cartitd in the Direction of the Motion of 
8 and — Ya 
4 


— eee eee ee 


we-zbſtra&ifrom:all the Irregularities, are true; 
and the Jeſs the drregularities are; the more will 


Oelerity eff the Water rr the 25 75 5 > 
is wn 


concerning Which, befote we can make any Judg- 
ment; we muſt be able to compare the Veloci- 


* 


398 


399 


j bold the Side C. A af che nadrant 
10 vertical Poſition; the Ball by the Motion 


—— — nm rn — ES —— — 
. 


200 Ae gene. 


Boe dl. 
PC. D x in hie ed 
Tepre te OBA dy 1 5 FC mak — 


that Line the, Angle e EH 


which the Dire Motion — 7 — 
makes Sf, the vertical Line ; laſtiy, let che Angle 
TG 53 be 85 4 c A. The Sides 
oft e FA 5 to the Directions 
or the three Powers abovementioned ; therefore 


3c6 the 8 are to one c e en 


| 400 


know 7285 CE 


If therefore expreſles eſpecive/ Gravity 
of the Ball FG 0. pteſs "the Action of the 


Water 55 1125 If you mal benen en. 
w de di eee e the ſame Ball; you 

0 ſuch the Side E remaining, 
4125 11 4 ö "I e of ;the 


all that-gever-cha 0 es that are as 
F 115 To = I 8 as tha Actions 
*f the 9 0 50 . th enters the 
W quares, ,$ jhs aters in the 


„eee 4 ee made, for 


eis 1 B90 t ion of 
the Water on the Fee e ther ou +10 be 


moved” and the W or, On the con- 
Wa 8 0 


trary, he Water be . the Ball at reſt. 
The Action of 1 70 Ye ein the Ball may 

be compared vi FOR for it is to the 

e WE as FG to EF. 


But this 4 ſiſtance 
4 2 2 Fe Ks n Hao oe thro 


Yareydoes nu, delt eh 
Jong $5 ks the 
. w 7 bs Fav tothe 


he gun 


0 aid the 
= Za Ns ens fe 


er can e in a 


W i= 


ce, we 


4 * : =— * 2 * 
Sees 7. 
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rere it zs to be obſtr . that rhe Dettimnine- 
tion of che Velocity of the Water, will not be 
exactly ſettled, if 8 — Experiment be made to- 
wards the Surface o e Water, becauſe there 
the — the Water üpon the Globe is irre- 


ging in Water à Body which is but A li 
than Water, and which, ſwimming at the Surface, 
doeb ubt float ſo high above it as to be affected by 

the Morioti'ef the Wind; às the ſpecifick 25555 
ties of the Water and the Body fcarce differ at all, 
and this Body may be looked upon as wholly im- 
merſvd, it will move with the ſame Celerity as 
the Watet ; and yon ma y help of 2 Pendulum 
meaſare the Time: in which 4 Body runs thro: 2 
certain Space that was megfured before, | Wh 

the: Surface of the Witter is agitared by the W 
the E eriment will not facceed well, nr of 
the of the Wives; which cauſe: an 
Irreguldrity in the 1 2 7 of 7 1 rr 


| HAH TH / [is | 2 * 
3.682 lad 30 Nets) 2. M i 1 ö 


T8 * 21 21 90 HH FO TER 4 on 5 
4 03 8 wh HA I; 40 
8 bk . Ah of Ls 4 


L < +48 54: 
54 % gots HW. 13938 og 


ane ofthe Ragnar TEL 


aura: a A CO ARV. 1705 Fa I 
count' w atever, round- 
41 5 the Mee B e Led 51 
ef Geo with the: 
} e it forms an 
e len the Water fed, ee Sie 
J / | 
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This Celerity may be determined b by immer 40¹ 
ttle lighter * 


40 


405 


plus RRV. EZ A. Let A B be an Obſtacle, 


then a 8 


202 Aer hene, Et Boo Il. 


of chis Cavity, and files the: A Whit 
there is a ne Elevation towards O und When 
this laſt is depreſſed, the Water tiſes ane to- 
wards the ſame Part; hence chere auiſesi d Mo- 
tion in the Surface of the Water, and A Cavity 
which carries an Hlevation before it, is Wored 


ne tiO-+ dp ten #5: : 


7710 7 1 ä TH! 8 

ada a ee Dre MB Hi 12's 7p 
This Ceri with the Elevation next to it is called 
a Ware. NEU NON i vdr 4D Mh | 


> Dionne oaithritt; ily 30 1% 

The Brendel —̈˙!ł 9c it the Spare taken up 

— a Wave in the Sur fuse 'of the rn op ail mea- 

d according to th m of the Mabe Mo- 
en e 19) bod h ονον 07 Wit dy: 

The Cavity, as Aid encompaſo d Every way 

with with an sd add che Nlotioa 'above-men- 


tion d expands aer erer way, " thetEory' the 
WWaroer ave who en n 
—1* 9 Mee dolls der nf 18119 YO 217: Wie: 


againſt which th 'Wave; Whoſe Begimimg is at 
C, does run; we muſt examine what Change 
the Wave ſuffers in any Point, as E, hen it is 
come to the Obſtacle: that Point. In all Pla- 
ces thro which the Wate runs, whiilſt ir goes 
forward its-wheſe 8.9 adth, che Wave is rais d, 
, which is agaig fill d up, 
1 rn En 
— 1581 oa Tus Pte sion ok this — 51 fs 
and the Oyle 9 
me; let 9 
ae . 1 . 
and DE, gre Are ron 
Aby choſe e Bye Shore 


P is # 
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1 — 
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| rity-6f-the Wave is opt changed; 
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longD E the Particles don ot act againit;the' Ob- 
ſtacle, and after the Stroke continue their Mo · 
tion in that Direction, with the ſame Celerity; 
and this Motion is here repreſented by E F, ſup- 
poſing E E and E D to be equal to one another, 
by the Motion along G E the Particles ſirike 
directly againſt the Obſtacle, and this Motion 


is deſtroy d; * for tho* theſe Particles are ela- 168 


ſtick, yet as in the Motion of the Waves uy | 
run thro*: but in a ſmall Space, going backward 

and forward, they are mov'd fo flowly, that the 
Figure of the Particles cannot be chang'd by the 
Blowz..andrfo they are ſubject to the Laws of 
Bodies: perfectly hard. But there is a Reflection 
of che Particles from anothet Cauſe ; the Water 

which cannot go forward beyond the Obſtacle, 
and ĩs puſh d on hy that which follows it, yields 
that way where there: is the leaſt Reſiſtance, that 
is aſcendsu And this Elevatiop greater than in 


other Places is caus'd by. the Motion along G E, 


becauſe tis by that Motion alone that the Par- 
tieles com againſt the Obſtacle. The Water 
by its Deſcent acquixes the ſame Velocity, with 
which it was raiſed: ; and the Particles of Water 
arz repelled from the Obſtaele with the ſame 
Forct in the Direction E Gogh that with which 
they came againſt che Obſtacls. From this Mo- 


ton and the Motion aboxvementioned along E F, 


ariſes 4 Motion along E H. whoſe Ceierity is 
expteſſed-by-the;Lins E H, hich is edual to 
the-Ling CE; and by the-RefſeRion che Cele 


but it returns 
EH in the ſame manner as if taking away 
Ohſtacle it had moved along E H. If from 
Poim C. S be dra un perpendicular to the 
le; and then produced, ſo chat De hall 
be equal» D, the Lise n R en Y 


26s eth! Elemente Book. 

| - $6 through'#; And us this Demonſtration holds 

4 god i in all the Pois df the Obſtacle, it follows 

06 5 It the reflected Wave has the ſame Figure on that 

of the Obſtacle, as it would baue had beyond theLine 

407 kh If it had not run a y ig Obſtacle. "If the 

ace be Ticlined td the Kon, che Water riſes 

and deſcends upon it, ne 4 fiſfers' a Friction, 

whereby the Reflettion of the Witve i is 9 * and 

Men wholly" deſtroyed. This is the Reaſon why 

Wa, often the Banks of Rivers. do abt refle& the 
Aves. 1 N 117 =o Beg AS Bats 3 

408 © When there it 4 Ful as 1; Gay Dato, BL, 

Part of the Wave which : bes through the 

Hole, continue 8 its Moden dire 1 Aud expands 

felt tqwari ; and. there #5. 8 new” Arne 

ond, which” mover in d Semitiycle, whoſe Center i 

4 1 For the taiſed Part of the Wave, Which 

goes through” the Hole, immedi. dirty fl ows 

n.4 lletle af the Sides, and then by deſcend- 

i kes Cavity Which is A with 

5 on 297 55 Patt bi the Hole, 


, — *oiee  EEr— — — 


h moves Every 2 6 tlie Fri ringer, as 
| was laid concert ' Generation of the firſt Wy © 
| 4 o Wave: * 128 9 Gs & ys Hig, T it [4 
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lous Body, 14565 b 5 
| though bh u the Bod er Nicht L 2 * 
ö Water; which ed by 1 ation, t 
defcendit 1 Cavity "hi is ever ry" Whete m ete R 


. 


Wi 
; ads 0 e 5001 55 800% 8 i 3 E 
. Different 


Fo. 


2 4 


„ 


Book Il. of Natural . 205 


they. ; move according, to. 40 erent Dfyections. 
reaſon of which Effect is, that. Whatever Figure 


the Surface of the Water tas acquired by the Mo- 


tion, of the Waves, there may' in that be au Ele- 

ration and a Depreſſion, as ef 

25 is required in the Motion ea Wave. 
Whoever has attentively conſidered the Moti- 


on of the Waves, will find chat Ul theſe things 


agree with Experiments. 
To determine the Celerity of the Waves, an- 
other Motion analogous to their Motion is 


to be examined. Let there be a Liquid zu the 


we Olindrit Tube EH (Pla XXV. Fig. 3 ) 
de the Liquid in the Le EF be highe 
thay in the other Leg by the Diſfance / Ei whi, 

Diferra v7 cis co be divided into two equal Parts: at 

& Liquid by its Gravitydelcends Pp the Le Leg 

EF. wha it aſcends equally in the Hz an 
o When the Surface of the Liquid is Ine g iu it 
is at the ſame Hei ighit in both Legs, and HE) 
the only Poſition. ed the To EP can be 
reſt;: Bur by the Celexity acquired 1 


PE, 


it continues its Motion,” and treads higher i in : 


the Tube G H, and in E F it is depreſſed quite 


to þ, except ſo fo mugh-as it i it is hindere "The Tio the 191 N 


cion 585 the Sides of th f je Tube. 
in the Tube * H, which is higher, alſo F763: 
by its Gravity; and fo the Liquid in the Tube 


oh RT Me has loſ} all its Motion by che 3 


Quantity P Mitter 70 be obe l | 
| the whole TOE in the Tube the movin Force E: 
is the Weight of the Pillar IE. whole Height is al. 
ways. adde the Biſtance E; 13 ; "which Diſtance 
therefore increaſes, and diminilties in che fame 


Ratit (HIT, the moving Forte, Hut the 'Diſtarice 
Ei i is the Space to be rum th ugh by the * 


Na- 


. a Motion 


413 


1000 'b 0 e another, =. 41 2 
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| t from the Pglition] E ¶ it may coma to the 

1 ot Reſti; Which Space therefore is al-. 
8917 as, the Force which continnally ace upon 

quid: but we have det onſtrated that it is 

55 This Accountethat all; the Vibrativhs of a 

um, Ta ex 4 Cycboid, mare per- 

15s formed in the ſame ume andi therefore here 
alſo whatever be rhe. Jnequality of tbe Agitations; the 

Liquid always goes; an comes it the ſune bim i. i 

414 1 Time in which a Liquid thus. agitated-aſcends 

<1 deſcends, is the Time in which a Pendulum mibrates, 

— e Levgth, chat is, the Diſtance between the 

_ ot Oſcillation.and: Suſpenſion, in equal to 

half the Length oft he Liquid in ide Tube, at to half 

the; Sum of ; the, Lines ER T. FG, G H. This 

Length is 18 39h n neee 


© * UID iV 2 ran — N 
| 1 5 FTE Fig 4 hit a 
ate in a zin ithe manner yore 
14 1 1 1 Let — — 
e the A 54 DB: bþ&:of;the:ſame 
Ae C.Ari3/£quablto' che. e AD, 
| "the Tora by Dy: Which, che Pendulum is 
bp ded,; appfies tc it whonithg-Bedy-aſpend 
is at A, in that Point 3 
ur ve 1 ee, to the Horizon, and the 
Sue g geltend wird al A. Weight 
tor the Cutye : Hut chis Weight is to tie Force 
«FSB Fe Be en 
We 0 Now. let the. Liquid abe in 
lach a 4 Polizion, bat M ECE. ./ b 
F. D the- Weight: of the hale wee 
be moved, chat is of che Whelg Liquide is 
to the e 27 A Foree ating 
upon che tim) onSbthe 
: 0 hrs nbe:to: the Line 
I's fa mh R 
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Quantities are; that ib; NH to PD (Nx. 6) 
Therefore in the Pendulum the Weight of t 
Matter to be moved is to the Force acting upon 
it at P As in the Tube, te Weight of che Mat- 
r 10 be moved, is to tho Rote acting upon it 
n the Poſition EH. + Therefore the pendulous 
Body and the Liquid in this Caſe, are acted up- 
on by equal Forces, and this always obtains 
where who Spaces to bei run through by the Li- 
quick in Agitation, and by a Body in Vibration, 
ace-equat;- therefore in this Caſe the Agitation 
and the Vibration àte perform'd in the fame 
Time and not only in this Caſe, but always. +, 
But as the ſmall Vibration in 4 Cirele do not 
life from ithe Vibrations in a-Cycloid, the" De: 
eee ae ee K u 0 e | 
82 BONISK 0 1 
E a9 Take a Coliadric! recurye Tube, 
let the Length of the Legs be one 


as 
Footy Landabe-Bore of _ mays hal 22 $ | 
pour: ury into this Tube, an having m | 
: Pendulutty; whoſe c is eqdnl to PHE x 
length of the Cylinder © Mercury i in the Tube; 
1 the de agitated in the Tube, it will 
aſcend andi deſoend in the ſame Time as the Fen- | 1 
daum will go and come. 100 * 115 ö 1 
| 
| 
| 


{3 Das abs torr ih OA nde p 
Nn XXV. Ng. 7.) Legen the Cates 
ritycof the Waves fron Wat has been ſaid; we 
maſt/confidet ſeverat equal Waves that follow one 
mothiet immediately, as A, B, C, D/ E, R, which 
move from A towards F, the Wave A runs its 
breadrh abhen the Cavity A i come to ©; ; which | 
cannot be, unleſs the Water at C'aſvends' to these | 
- | WHeight of the Top-of the Waves, and again de- 1 
ſcends:to\ the Depth C; in which Motion the | 
Water is not a itared ſenſibly below the Line 14 
bz zi\-therefore inis Motion agrees with the Mo- | | 


| 224033080) 2 tion 
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tian in the Tube above-mentioned, andthe Wa 
ter aſcends and deſcends; that is; the Wave 
goes through its Breadth, whilſt a Pendulum e 
the Length. of half BC perforths two Oſcillations 
"4144 or whilſt a Pendulum of the Length BC, that 
is four Times as long as the fiſt, peefotms one 
"+58 Vibration 848 310 af 
Therefore the Celetity of a Wave depends up 
on the length of à Line B, C, D, which i it great 
er, according as the breadth of the Waves is 
greater, and as the Water deſcends n in the 
Motion of the Waves. 
In the broadeſt Waves, which do! not riſe high 
415 ſuch a Line as B CP does not much differ fron 
the Breadth of the Wave; and in that Caſe 4 
Wave runs through: ir Rræadth, whilft 4 Pendulum 
equal to that Breadth oſcillates once. In every equa 
ble Motion the Space gone through, increaſes 
with the Time and the Celerity; wherefore mul 
tiplying the Time by the Celerity, you have the 
Space gone through: whence it follows, that th 
416 Colerity. of the Waves. are ar the Square, Roots qa 
Breadihs: For as the Times in which the &y 80 
*:58 through their Breadths. are in that Ratio, the 
ais ſame Ratio is required. in their Celerities, that 
the Products of the Times by their Celerities may 
be as the Breadth of the JOS which a are © the 
pers gore through. 4 
All. ee things muſt be * looked upon as 
nearly. true, becauſe the Motion. of the Waves 
differ ſomething from the Motion in the Tube; 
which Error is in part taken off, becauſe the 
Length of the Pendulum is meaſired — the 
def Nu gre Sr fan | 
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Pant 11 of the Air, as an- Eh 


pen) nien Huid. wb 

8 7! ons ode If ns ar $ 01:5 þ 

UTE e ene 
Hb. XII. b 


m. dir bas the \Properties of d | - 


/ 'E have okra ſpoken of the Air ; and. 26 
vue live in, and are always encompals' d, 
by i; we muſt have. regard to its Effect in ſc 
veral Experiments, as e have ſaid in other parts 
of this Treatiſe; but now we ſnall conſider. its 
Frogertic ſingly. 

The Air is Torporcal,” heavy, its:Parts yield 417 
to an Force impreſs d, and are very cafily moy d 
ohe amongſt another ; it pt᷑eſſes in Propottion to 


* 


its Height; and the Freſſute every way is equal: 


i is plain therefore, that ir ought to be derben d & 
nongft F Faid... er TITRE * 129900 55 
H od 67-1; 1 0 dr 30 bsi at! 
\ 3 "I 20 n ; Ma = 
Al the Ar, which-tbe Karth is encompali 7 418 
"B/zogether, is call d che D e 
arch, or fimply che Atmoſphere. aal 


Sb r Dar RN ran.. 
"The: Heighe the Air above the Surface. - 55 419 


Earth is cal d the Height of the Atmoſphere, ' 


That the Air is a Body appears from its excly- 420 
1 8 all other Bodies from the bree it 
.* OY 9561 V. „ 7 | 14 


I 
. " * 1 * © "1 — * 


K . 
* 


| 29s. Hatdioaic Bach Il. 
421 That i Yields 1 1 —.— 1 
2 is not doubreg by any Ge 
422 1 . M ig, by Ats. Upon 
the Surfaces of — aids, bis ſoltaining them 


„ SD 6 58 * eh. 1A Pr a 
oy. XN. Fe. 105 Tale a 


Foot Jong, .of 9 
— 8 5 1 * 1 1 de ee and 


let the Tube b: 4 wy 1 „and let the 
other end S ſſel fu of Mer- 
cury; che Mexenty bs an dug Lb) he 

of about 29 Inches. This is occafion'd b 

- - Preffiire of the Air on the Surface of the N 
| curyanithe Vella; wich cannat prefs equal 
| every part / of it, eee eee 

is tete be a. Column of Mercuryn hig pre- 
"274 SE N Bas waned \ 21787 855 {2 


3JE Ye. 10 J 10 45 
' ee Pee VI (i g * Ret 
: b ee greg e where, Tube 

EO —— that che Mercy 
277 keep flame perpendicular Height .: 
fore the be t mo Meſſul s cuntainiag Me 
| which Tubes in the manner above mention 
1 immerſed, of which E is inclin d to the 
20n, the ;Mereuty 4 ph the Heights + f 
1 N ſo char Fand e e onal 
inthe ele, toy ace ere Pre. 80 | 
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flve® 18 14 times heavler than Water, and a Pil- 
ur of Ware A little mor 32 Foot high 

n. preſſes eguiltyiwith A Colm o Mercury: 29 

n I inches high; which! Preflute Wedual to che Prefs. 

"The the Pris of phere. 1 end 0 

| Preſſure of t ir depends pon. its 42 
: 1 und be eafily Can beg hade 

V. bi ache Nes . —. ptov'd by carrying 

d = Tube with the Mercury above mention d to 

_ Place; for en you carry this Machine 

* 1 Fill; fer 100 Foot that you tiſe perpendi- 

bt eulen che Mereuty deſcends ter of * 


he In d b gods 200 21 
ars from 425 


5 ir 

* this i ths poſe ein rar wap 

71 wirhont any Change of Figure, 24 by 2 

. Bodies without their breaking, tho this Prefſare 

EY - equal 5 the Preſſüre dt à Pillar of Mercury 

wal |. 8 -% or a 12 of * of 32 

44 any may ſee chat not ing 

de de delt Bore . EE hc 
40" be oc DHS ——.— ety: plaity chat the Air 
© is jn that manner." I you take away . 
web Side, the 


re is ſeafidte d 
Side. s ane Scat a i NN, 
SroFÞ or fos be 15 0 - wartebe 
PO 2) pin VI." Ng: Jang a Gin 
rant f the Scales 56 b 
which#'(hoe at. P, and z 1 OY ID 
Tube with Mercury, act ther End E 5 7 4 
mers'd in the Mercury that is i 8 'd in che 
Veſſel C The Mercufy by ehe Air's Preſſure 
is fuft cin Pit rere 1. Fin the Tube; and the 
upper Part bf the Tube / D is left void of Air; 
Welke e you 8 Wege of 
oppoſite Scale a Weight e t E 
. - 255 


backt in it. The 
Mergüry id the Tübe can el un Bene! 
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for its Action againſt the Sides of the Tube is 
Horizontal; but the Air acts upof the upper 
Part of the Tube, and the Column that is ſu- 
ſtain d by ihe Pube is æquiponderate with the 
Column of Mercury that is contain'd in the 
Tube: If letring the Mercury run out you ſuf- 
fer the Air to come in, then nothing but the 
Tube weighs down the Scale; Which proves 
chat the Action againſt the inferlour Surface of 
the upper part of the Tube deſtroys the Action 
on the exteriour Surface, and that the Ait — 
yy vpwares Cad? downwards: Sith the 
Force. 8 
By this Experiment alle is confium'd what has 
been an —＋ the Air's Gravit th 
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7 1. hang, reals the. Air has the opt 
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a greater. or 905 8 and 481i is 
© Mamas with-a er Sm, i ling 
[as that 3 it e — Kaen 5 By 
426 F the Analogy. ahi, dec onithathe 
Ricity of, Bodias, this Property: of the Ar is 
Fall d its Elaeifn⁰, r en 
427 That :the Air Tha be-compies d, 1appears; from 
* 14 an Experiment. alxeady 'mentjpn/d. 7 15 chte 
428 That it may be dilated, may r ee the 
following |; 2 aryl 7113 9; . 2n: 
TY * is 7 44th VS. £3343 20057 
8 Eser 1. F XVI. £5.44) Take the 
Tube A B cloſe at the End A, and pau Mer- 
cury into it, ſo that cherp mah be ſabelAir left 
ip 88 Tube, which ware 7 in the Mor: of the " 
IJ terna 


" 


preſſing Force may be expreſs'd by that Hei 
Vibe 


ternal Ait will take up the Space A1; if the end 
B of the Tube be immers d into Mercury in a 
Veſſel, the Mercury in the Tube will deſcend to 
g, and there remain, The Height i g differs ve- 


ry much from the Height of the Mercury in the 


firſt Experiment of the foregoing Chapter, which 
does not ariſe from the Weight of the Air in the 
Tube; for its Weight is too little to produce 
any ſenſible Difference in the Height of the 
Memory: The en of the Air cauſes rhis 

RN 

From this Experiment we deduce this, Rule, 
that the Air dilates itſelf in ſuch a-manner, that the 


Sage talen up by it is ape as the Force 


by which it is compreſs'd. 

The Force, by which the common or external 
Air is compreſs d, is the. Weight of the whole 
Atmoſphere; Which is b ual to a Pillar of ' Mer- 
cury of the Height h f, 15 r. therefore the com- 


the Space taken up by the Air in rhe 
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429 


when it is tompreig'd' witholdoly a Force, is ee 


. N r 


But in the laſt Experiment, the Preſſure of the | 


'Ninzoſ phere exerts two Effects; it ſuſtains the 
Pillar of Mercury i g, and it rednces the Air in 


the Tube to the Space. £ A; if the Force; 
which eee is ſulſainꝰd at the Height G1, 
be ſubſtracted from the Preſſure of the whole At- 
moſphere; that is, if the Height g; f be taken 


from the Height + 5 thete remains the Force 
by which oi Air is compreſs d in the upper part 


of the Tube; but this Difference of the Heights 


of the Mercury þ f and g's, is always to þ f as 


Ag; that is, their Forces ate"inverſely as 
the Spaces. i we" Abs, 36s, 


This Rule alfo obraitis intonipteſs'> Air - 
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17 AB C D. open at Agfundſhut at 
jet the Part Ee berfHf-d wick Merouty, ſo 
chat the Pert CD may/contain Air of the fame 
Sta ate or Tenor ant the 8 Air; therefore 
Ts PolvpreTing 1h ce 4s: the Column of Mer- 
, whoſe Height'is 5 % Fg. 1. and by this 
Peg 1 5 wk orce be Wo as in the 
oing Experimen 14 t t ee taken u 
the Air is CD: Pour r* ioto the I = 
BY that it may iſe up do g, the Kir will be 
Yue 'd to the ſew e D Now che com- 
prefling ' Force a as] Kropgly as a Cdlumn 
1 8 of the fl ight fg, and alſò the Freſ- 
1 V8 | e re rface g of 
5 's Force is expreſs by 285 
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* Nenne Nerenbelels, if you 8 the 
ea following| Experiment wirbrche Experiment of 
at che Air cmpreſs din a Fump , it will appear * 
fo that the: Air may take qo — thouſand rimes 
me i mam Space in on 3 other. 
Ore 00 iin * AA 12 12 28.1 
ſer⸗ Hegering. Re KN VI. Fig. b. Le "the 
Glaſs/AB about, foureeen Inches high be exactly 
the fll'd: with Water; it has: 4 Brals. fix 4 
up to ite abr che ed B, by,whigh.it is to.Deeiceew.d 
abe to the Pump that is xcpreſented in Plate XXIX. 
Fg. by:/drawing out: the Piſton of the Pump 
the Water deſcends into it by its Gravity; and 
theiPlace in the upper part ot the Veſſel ĩs void 
both f Air and Water. = Rhe Air b les in the 
Waten Which are now compreſs d. ſe the 
Ait des not act upon ti Surface of 2 Water, 
expand themſelves, aud riſe ug to the Surface of 
the Water; in that Motion TY 
celerated: ſo as no eee ge near near — 
Surface, upon account af ray > 
2 ſeend, and. if; you 5 
Diameter of a Bubble at Bwithits 
— it is come almoſt up to the Sur - 
facevfithe; Water, but {a far ſrom it as to be ſaem 
diſt indtin, irs Diameter 6-aJeald four: tiusæs 25 
Stent as before. ; . 
be upper Patt oß abe Glass, as wan. 
fore; is intirely void of Ain; for the ſmall-Qyan- 
rity: of: Air which is continually going 7 of 
the Water; is not to beutaken notice. of hexe; 
| — the Ait-hubbles ne H, which is about 
4 Foot below the Surface af the Waters Arb 
— only by the ſuperineumhent Water: hich 
Preſſute is 40 the Freſſute of the Atmoſphere 
neut one to thirty ]ãͥů ; in ich Ratio 423 
rs TW Fee — — 


805 T 
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Space taken up in; the Bubbles above-Mention- 
* their Diameter in their Aſcent, ast has been 
before, becomes quadruple; chat is, the 

ble becomes 464 times bigger than it Was; 

and ſo the Space talen upby the! Air im his laſt 

; Gol e, ig to 1 be taken up by the Air, hen 
1 — tmoſphere, as 6ꝗ times 42 

e is, e — . The Air compreſsd 57 
os 'Armoſ ere 2 to a Space 10 times 

in à forcing Pump; and ſo the Denſity of 

oh Ait above- mentioned is to the Denſity ob this 

Air, a8. f to 20480 Extracting che cube Roots 
ol thaſe Numbers, we. ſnall find that the Diltan- 

ces between the Centet a the Particles; in theſe 
We two ales, are a8 1 to 27 „„ e 166 ME 

Bs Hence we concludes chat che. Patticles of Air 
gate not ef the ſame; Nature with other tlaſtic 

Bodies, for the ſingle Particles cannot expand 

themſelyes every way inte 27 times: the Space, 
and. ſo b increaſed a times, preſerving their 


Satis ee lte from ever Inequality or Angie for 
in gyery! aged Keren the gare 
eaſily moved one. anongit-another;i but! as the 


Air may be —— 0a than in⸗this Ex- 


431 9 t follows chat he Air confifth of Parti- 


by a e tg pip ve yrs ven 
We have ſhewn-that; in ſeveral Caſes there 

40 It Particles endowed” With ſuch a Property ;* 
and it is pla 
we are entirely i 


Wrant of the Cauſe bf this 
Fgtte, and i; F beclook'd upon as La of 
1 as is plain lain fm what has deen laid be 
Weg Nan ., and Numb. 53 Ar v1) < 

432 bs by which the Particles of dir: — 
bey increaſes in abe ſame Ratio ar he? Diflance 
9 An which dhe Centers ne Particles ave» diu; 

A e 1sanverſly- as this Diſtance. 


Tubes 


in epough' chat it obtainsc here; but | 


+1; —— i 


BbbRd4d of iNarnral Bbilaſypbyll 917 
Tubos a and (Pla N NVL Fig. +3)" eontaiu- 
ing une dual Quantities o Air; let the Diſtances 
between the: Center Of che Particles be as 2 to 
1, che Numbers of the Fatticles* will be in the 
lame, but inverſe Ratio; in tlie Lines d e and : 
the Numbers of the Particles acting upon the Sur- 
faces Ag and hm ate as 1 to 4, namely; as the 
Squares of the Numbersof the Particles in equal 


Lines; and as the Cubes of thoſe Numbers, that 


is as td 8, ſo are the Quantities of Air con- 
ained> in the Cubes; in Which Ratid alſo ate 
the Forces compretling the Air in the Cubes.“ 429 
The Forces acting upon the equal Surfaces d g 
and th are as the Forces by Which the Air is 
compreſs d; they are alſo in a Ratio compound- 126 
ed of hel Numbers of the Particles acting, and 


the Action of the ſingle Patticles; thetefore this 


compound Ratio is the Ratio of r to 8: The 
firſt ot the compouſding Ratios; as has been 
fad isthrat of f to: wherefore*necefarily the 
ſecond is chat of f to, which is the inverſe Ra- 
tio of the Diſtance of tlie Particles. And this De- 
monſtration is general; for by i and 8 we erpreſs 
any Cubes whatever, by 1 and 4, tlie Squares of 
the Cube Roots, and laſtly, by 1 and 2 the Roots 
of thaſe Cubes: this Demonſtration proves that 
the Actiou which che Particles eontinually ſuffer 
from all: ſides, is inexeaſed between the Ratio in 
which the Diſtance of the Centets of the Parti- 
cles is diminiſhed, whether this Action is to be 
referred only to neighbouting Patticles; or alſo 
to thoſe. which are more diſtant. In the firſt 
Caſe the repellent Force irſelf, which every Par- 
ticle is endowed with, is us the Action above- 
me ationed, that is, inverſly as the Diſtance be- 
tweem the Centers of the: Pärti ele. 
Ind che ſecond Caſe che repellent For is equal 
at W 
vd du | eac 
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each Particle depends upon their Number in the 
fame Line, which Number is inverſely as the Di- 
ſtance .between- the Number of the Particles, 
Then alſo, ſuppoſing the Ait of the ſame Denſity, 
the Elaſticity ty: will be the greater where, the 
Quantity of the Air will be the greater; but a 
this does not agree with Experiments, therefore 
The Bel te Blue oh 
etts of the Elaſticity of the Air are like thoſe 
2 — and included Air acts by its Ela- 
= 1 juſt as Air not included does by its 
ter 
The Air which i is loaded by the Weight of the 
whoke Atmoſphere every way from 
the yery Nature of Liquids, and the Force which 
exerts does no way depend upon the Elaſticity, 
becauſe, whether you ſuppoſe: Elaſticity- or not, 
that Force which — from the Weight of the 
Atmoſphere, and is equal to it, can be no way 
3. but as the Air is elaſtic, it is reduced 
8 e by the Weight of the Atmo- 
ere, 2 the Elaſticity which re- acts againſt 
1 compre ſſing Weight, is equal to that Weight. 
But the Elaſticity increaſes and diminiſhes as the 
Diſtance of the Particles diminiſhes or increa- 
+432 fes,* and it is no matter whether the Air be re- 
rained in a certain Space by the Weight of the 
Atmoſphere, or any other way; for in either 
Caſe it will — to expand ieſelf with the 
' ſame Foree, and preſs evety- way. Therefore it 
the Air near che Earth he Nicluded in any Veſ- 
fel; without alrering its Denſity, the Preſſure of 
the included Air will be _ to he Mo 11 of 
the oa r er n 


—— Plite XXVII. 5. 3. Take tho 
Tube rhentiohed in the firſt Experiment of the 
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the Glaſs D C, ſo that the Air preſſing upon the 
Surface of 105 Mercury 3 id ;he Veſſel 
U, may have no Communication with the ex- 
ternal. Air; the Mercury in the Tube is ſuſtained 
at the ſame Height by the Elaſticity, of the Air, 
i was ſuſtained in the open Air. 

what we have ſaid will always obtain; but this 
Tenor or Temper of the Air is not always the 
ſame ; the repellent Force of the Particles. is often in- 
creaſed or diminiſhed, Abo the Diſtances between their 
Centers ii not changed: I ſhall ſpeak of this Alte- 


ration in the following Book: The Elaſticity in- 


creaſes by Heat, and diminiſhes by Cold. 

J Wo: —_ 5 

"> UE n ne . | T1 
»Of- the Air-Pump.. 


Fr Elaſticity of che Air is the Fonds 
ion of the Conſtruction of a Machine by 


which the Air may be drawn out of any Veſſei. 


This. Machine is call'd an Air-Pump, which is 
made ſeveral ways: the chief Part in all of them 
is à Barrel, or hollow Cylinder of Metal, bored 
{mooth,' and paliſhed in the Inſide; in this Bar- 
rel muſt move a Piſton, that fills its Bore ſo en- 
A&ly.4a5to.let no Air ſip by. This Piſton is thruſt 
dum ęloſe to the bottom of the Barrel; and then 
raiſed up in ſuch mannet as to exclude all the 
Air fram the Cavity of che Cylinder or Barrel; if 
this Catity communicates: with: any Veſſel by 
means of a Pipe zt the bottam of the Barrel; the 
Air in the Veſſel will expand itſeif, and patt of it · 
will enter into the Batrel, ſo that the Air in the 

arrel and in the: Veſſel will have the ſame Den- 
7, Shut up the Communication between the 
W any 


1 * 

: 

WOK 
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Tenor of the Air continuing the lame, 434 
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Bartel, apply: 


„ 
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eos Matthiniatical Elements Book II. 
the) Piſton Teloſe 10 che bottom. 
If, you raiſe the Piſton a ſerond time, and open 
the Communication between the Bartel and Veſ- 
ſe! above-mentioned} the Denſity of the Air in 
the Veſſel will again be imidiſhed:; and repeat- 
ing the Motion of the Piſton, the Air in the Veſ⸗ 
ſel will be reduced to the leaſt Denfity. Yer all 
the Air can nevet' be exhauſted by this Method 
for at every Stroke the Air does ſb expand ieſelf, 
as to have the fame Denſity. in the Harrel as in 
the Veſſel, in which laſt therefore. 'thare 18 al 
ways a little Arlett! 0 54 
All Air-Pumps have in common ihe Parts a- 
bove deſcribed, but they differ in ſeveral othet 


; Rece -Firft the Communication between the 


eiver to be; exhauſted, and the Cylinder or 
„is bg and (hat, different Ways. 

pm pk _ different ways of getting che 

Air out of the linder or Bartel, hen the Pi- 


too is brought to the bottom Thrdh, che Piſtons 


diſſer in different umps. Fdurthly, the Poſition 
06) the Cylinder is hot the ſame in all Pumps. 
Wiſelly, there ate different Ginttivaocee{Þ6io- 
wing the Piſtori. De 12416 3445 Pon hog 1 

There ate oſten two Bartels; in one of Which 
the Piſton is raiſed, when: ir is depveſs dl inſthe 


*þ other. Pry tt BHOADIGS EVITE I ASFA 


15 Our Pumpis here tapreſented in Plate XR 8. 
R. 1. the other ſide of it 218+ f in 
Nlate XXX. T I chall defer the particular 
Deſcription of iaianother Naces. and only here 
mention ſome things in generaꝶ n This Pump has 
d Bras Barreis Q, of 7 Inches Diameter, 


Te 26d abound gaht Bite 5 e nö 345 nh 


In theſe Barrels the Piſtons move; dof 
arhiichuxkaſccindayrinhiide; the orher kiſes; which 
228 is c ommunioated 20 Hm by che Wheel 


— 1 — 1 


SSS nF 


„ ene. Or - 
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fixed ro the Axis @, The angular Motion of the 
Wheel is the eighth Part of @ Circle, by which 
in's/ leſs- Wheel -chore-'is produced an angular 
Motion of 120 Degrees. This efſer- Wheel ts 
fixed to a thitd Wheel; by means of which. the 
piſtons are immediately r "hey male a 
Stroke of 3 Inches and @ hui... 
The Contrivauce of che Piſton. is much the 
Ee as in the Pumps which they uſe in England ; 
tho: we think that weikave made ours more per- 
ſe; by-lomce-Alterations:in mm 
The Glafs is-to be exhayſtedy.or ſet upon the 
round Plate L Lü nthey commurmicate with; the 
Batrels; by means of a Pipe one end of which 


is at D,and which ſulderꝰd to the lower ſide of 


the Platef the continuation of this Tube is feen 
at E io ee in, BE, betwpen 


tion: — . che e 8 Xs Glaſſes: are 
call'd frow>whicly the Air id to be pumped out) 


* * A 


and the Barrels; tiſe other Chtk' ferves to let tble 


Aix in again; ang to ut off the” Communication 
with'the” 
This Mercurial Gage could not be convenient- 


ly repreſented infchis Figure it ſerves to deter- 
mine what Quantity of Air is drawn-out of the 


Receiver, as alſo what y bf. Ait Gent 
in it ; ir is lite wiſe of uſe men ſuring che ſolid 
Contents of the Receivers, which ought to be 
oxactiy khown in ſeveral N our Gage 


a Gages 290145 e eee 
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differs from the common? Cages in ſeveral Re- 


">Avlictte Cylinder wick a. Serew upon: it is 
ofreti/ſcrewed into the Plate ut D. fot 
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re erjment, 5 Plate | K 0 2 Having 442 | 

8 exhauſted the. Air out of the, 'Gla Ball, whole os | 

he Miolid: Contents are 283 Incheß, and having ed {1 
ſuch;a Weight to it, that it may be almoſt equal | 

tc Mi lpecihck Gravity ro Warer, let it be immerſed. 

dle, ite the Water contained in the Veſſel D E and | 


10:5 Jeet it be faſtened. by a N Oe to the Hook of 


kde 0 abour. 100 Grains will be requited in the op- 


| 

the Scale of the Balance“ ye deſcribed ;* | 

uno niſe the Balance till 8 a ba Equilibrium 1 "208 | 
5. 5 very: {mall why if þy opening the 
1 bo 04 you 19 the Airing the Globe, a Weight 1 | 
| 


II Scale to reſtore the Equilibrium, fome- | 
82 ris more, or ſometimes leſs, according to the 
late fferent Tenor of the Air, which here near the 
Co- E CE ad 1 to the different Weight 
a- Ear 10. according 7 the dite 
| 1 t and Co 
1 e e ate in Liquids are luſtaed by 
"Ry m, and the more or. leſs accorvling” tothe 
8555 285 leſs Bulk of the Body,* and the Weight 9 


" ; loft in that 2 18 e part the known 
„ I Denſity of che Liqui yt oing Expe - 
5 erh therefore it may be known, / os much 
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Wax will preponderate, its Bulk bein greate er 
than the Bulk of che Body p, it muſt FR moreM ele 
ſuſtained by the- Air; umd cherefore when youſil ©” 
let the Air into rer again, the Aquili- 
brium is reſtored. 
The Elaſtieity dt Spring of rhe Air, Which has 
been proved in CHap. XIII. becomes more ſenſi- 
eee, eo 1722 & 
. A aer g 
| Een 3g: Tie mp/ £Bladder-very cole 
with {mall Quantiry of Air in it 3, put a Re. 
ceiver over it, and pump but the Air, hereby 
the Preſſure upon dh external Suifacr of the 
Bladder. is diminiſned, and immediate khe Air 
included in: the Bladder will expand it ſelf, and 
ſwell it out. We baye 1 that me Spring 


Armo Þ chen 5 
e her; | 


J Denen ne ii mr] mt | 29i he! 
. Plat XX VB By. 5 EE | 
72 Bladder tied up very cloſe; and not gaite f a 
Ait, and pnt it in 2 Braſs Rox A, Sue enge 40 
13 KUL e %% That the. Qover IN 

of Waod, ant does not exa8ly: hr the Af 
Boy, may be ſalty by thet Bladder5yowmult Wl 
7 the Lead Weights P, P, upon the Covet they 
have 4. Hiole in, the- middle for a Wooden — 8 M 
der E, which. is Hd te the: Cover; te! 
adder ? ſel 


when, you, pump gut the Air; the 
{ſwelled as in the fogggoing Experiment: and b 
that meats the 4355 are raiſed. You may uſe 
ſeveral 2 according to the Bignels of your Hf 
Glaſs Neceiver, aritithio” they (hould-amourit to I x; 
60 or PBunds, hey Would be eafriy raiſed. 4 
The Gravity of the Ait, its Preſſure tha ariſes i 
from the Gravity, as alſo its N produce 
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i di ene r * — very is 
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Beere 6. "Plate XXVIIL Fg. A Take! the 
wa Pump or Sytinge A, and its Piſton being 
. thruſt cloſe to the bottom, let the, Tube which 
is joined to this Syringe be immerged in Water; 
when, you raiſe_up the Piſton, the Water will 
follow it, and fill up the Cavity k ween the 
bottom ok the Pump and the Piſton; which Ef- 
fe& ariſes from the Preſſure of the external Air. 
For this reaſon, Water does not riſe in vacuo. 


© F 7. Plate XX VIIL, E. 5. ] Join the 
20 Glaſs Flog Ts the © Syringe A ©1-] Joi the 
ſctewed over. of. ,a Glaſs. "Nov omg 10 
that the End c 5 2. Tube may deſcend below 
the Surface of the Water in the Veſſel U; rhruſt 
down the Piſton ro, the bottom of the ringe, 


and let all the Afr be ed out of the Recei- 
ver. I then you pull up the Piſton, the Water 
will not ri riſe, 1 34 vi 


3 0 125 v3 2 


* Eꝛsſerimem 8. Plate XXVII. Fig Serge | 


by which the Air preſles upon Bodies, of 
breaks them when the Preſſure is not equal e 
Let the Braſs Cylinder A be covered with 


4 far Piece of Glaſs; "hen you page the Air 


out of this Cylinder, the Plare 65 Will be 


broken into à great many little r by 51 
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it overcomes the Preflure of the Air and Friction 
of the: Piſton ; but the Preſſure of the Air alone 
does here exceed 10 Pounds. 


| Experim- 10. Plate XXIX. Fig. 2'] The VAL 
deſcends by the Weight p alone in a Vacuum, 
which is but juſt ſufficient to overcome the Ert- 
tion of the Piſton, 12 


ines, Plate XXIX. ke 1 Ween 
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451 


more ſenſible Effect of the Prellare of the Air, 


when the two Segments of a Sphere, H and I, are 
joined together. Let the Brim or Edge of each of 
them be well poliſhed, ſo that they may fir toge · 


ther, and hen they are applied cloſe, put a little 


Wax between, to exclude the Air. There is 4 
Cock in the Segment H, by which the two Seg- 
ments, when joined together, may be applied to 
the Air-Pump, and which muſt be ſhut when 


you havetxhauſted the Air. The Segments are 


er by the Ring A, and by the help of the 

Ring Q you may hang to them. -x Weights that 
are laid upon the great wooden Scale T. If the 
Diameter of the Segments be three. Inches and 
an half, a Weight of about 140 -Pounds wil, be 
waved to pull them aſunder. 


Experiment 12. Plate xXx. Be. 10 Tos * 
Segments be joined together and exhauſted as in 
the former Experiment; if they, be ſuſpended in 
4 Vacuum, wich a little Weight I hanging on, 
Which is juſt able to overcome the Cohchion. of 
the Wax, they will be ſe 2 in this Experi- 
ment. Tie ul be faſtened to the Plate L L, 


* 2-t 


— 8 —— or Giles 2 877 thro 
which 2 Braſs Wire that t 

to it lips. Leſt the Receiver 2 backe bf 17 
Ge Fa of the lower * you maſt put 25 
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228 Mut hematicul He ments Book II. Bo 
der it the hollow wooden Oylinder M; to let it 1 
fal into. In this Figiſte the Segments are ſul- gur 
pov to the Cn of tie Receiver-whick'is to it t 
be exhauſted; may alſo be faſpended from || Ws 
A Pinar Faſt ened 2 the Cylinder M. That the face 
Hemiſpheres may not be ſeparated without Dif- = 
fleuley, it is not re that they ſhould be 1 1 
empty of Air; as great a Forer will be required 59 
to ſeparate them as in the r1th Experiment ; Coc 
Then having includell them in a Veſſel, and ap- 
them Upſe 18gerher (ſo as to ſeave A 
i öôf commom Alx, and ſhut the Cock that the . 
Ait between them may not bechanged j) che Air 
dn the outſide of them in the Veſſeſ chat "66ntains 
them, is reduced to'a;doable/ Which to 
eonfitt'by an Experiment, we muſt rt deſeribe 
the Machine wi | *%hicti*we: make Experinients 
i fompretfed A. © yo l 475, 10 An . 55 77 

1997 W 4 Ain AIR Tl \ de bee d l. 
454 "Plate rk Fey 5 A rouith Braſs Hate N 
| 12155 e EP 7 a, abbut 1. Inches long 
ide; uy ek Ling of this Plate is 
= res Lend you N 


5 1 N., ih Plate & 

Ras fixed to it e Onder F, t not 
perforated, and thro" the Board 4. Upon 
chis 5 vou my LT a Glaſs UU, about 10 


- Tgches high; ch mated at each End in a 

Kin ric form, che u Parts have Braſs 
e up dn cher ne 

eie mil Ne u wi it the Cover D 

"Ti 8 85 8 to the Mrd ua, 


1 ie ths cer 


8 1& the Glaſs As 
> Fo eg theſe Part eſöſe 
2 Feng War upoß khr upper 

# OS 99 ov ED; 


55 e ＋ It 
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11, Bock H. e Natura — 229 
tit ! The Oover ig 2 7 the ſeparated Fi- 
ſul- gure D;- Plate- 7 There is fixed to 
to | it the Collar of 72 17.5 leſt the Piece of * 439 
om || Wood'd e 9 be eee to too ſmall a Sur- 
the face, the Corer is mac in tlie e Shape of a round 
. PPE Box. 
he There is a perforared Brafs Wire — which 
red goes.chro” the Collar vas, to 55 A 
nt; Cock B is joined. Nel ; a 


p11 

"Plane XXIX. Fig. 65 M Scder to RO 45 
he the-Air n this V * on tlie Syringe N 
Ur 2 115 Alt ent, which Syringe 


ther C Teck, ia the Ke of b 


chere is another! oblique 

be e fag) 0 % and by which hes 
nts ſhut the Commu icafionh' |betieven the Glaſs And 
| with 4 Air, and 138 Aled with itwhen 
1 ra ap the Piſtos. When you open rde 

pmzuſieation bet d een the Chaſs and khe Sy- 

inge, by puſhing down the Piftdn, yod forte 
hich was contained in the Syringe into = 
d by. Olten xepemrillg this: iow, 


4 9 a hes ea" - 


Nbw-to 456 
i! are 
2 el to the Hare 
0 f _ "PMAr ML, which Has 


1 e7othet 'H, 
l Dh 75 6 Wike C 
| I muſt be n 757 to eich othkr. 

mut 7 55 what has been 


e ro pt pot 3 arts the 
115 che Veſt; fo is” to 


— — — = a — x . 
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CCC EE I. et eee Es — — 
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1 — . 


is joined. to the Plate N, as alſo the Ring A to 
the Cock B. Invert the Machine, as in Fg. 5, W 
and ſuſpend it by the Ring Q. The Scale T on 
which the Weights are laid, hangs upon theRing 
A; and until the Weights laid on, come to be 
about 140 Pounds; the Segments will not be ſe- 
parated. Three Screws X, X hinder the Scale 


T from deſcending too jo in ſeparating the 
Segments. nie 


45 Experimem 14. Plate XXX. Eg. 2.] Apply the 
wy Tube AB to the under {ide of the * cho 
Plate LL, which Tube has a Cock in its upper 
Part, and is jcin d to the ſmall Tube which ſtands 
above the Plate. Put on the Receiver A, which co- 
vers the prominent Tube. The End B of the Tube 
AB muſt be immerſed in the Water contained in 
the Veſſel U, and having exhauſted, the Veſſel R, 
you muft open the Cock; the Water will ſpout 
up into the Receiver with a great Force, for the 
ſame. reaſons as the Water is ſuſtained at the 
* 423 Height of 32 Foorx in a Pipe void of Air.“ 

8 Experiment 1 5. Plate XXX. Fig, 3.] The Air's 
P” Elaſticity produces che fame Eck. Let ther 

be a Braſs Cylinder U exactly ſhur. There mu 
be a Hole in the bottom to pour in Water, which 
afterwards, you ſimt up with a Screw, To the 
upper Part of the Veſſel there is ſoldered a Pipe 
which goes down almoſt to the Bottom; and 
to the other End of it that ſtands above the 
Veſſel, a Cock is joined (See Fig. 4.) This Veſ- 
ſel-is to be ſcrewed on to the lower part of L L, 
the Air- Pump Plate, and from it a Pipe goes 
quite thro the Plate, and ſtands up abgye it, 
which is covered by the Receiver R. | After you 
have: pumped out the Air, the Veſſel U being 
about two thirds full of Water, en ee 
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the Cock, the Water will violently ſpout up into 
the Receiver, by the force of the Spring of the 
Air contained in the upper part of the Veſſel U. 
Here the Air preſſes upon the Surface of the Wa- 
ter; when you open the Cock, the Preſſure in the - 
Tube betomes leſs; therefore che Water muſt go 
e che Tüte. 
the open Air, the Water will violently ſpout out 
of the Veſſel U, if having filled it two-thirds 
full. of Water, the Air be compreſſed in the up- 
per part of it, which is done by help of the 8y⸗ 
ringe-abovementioned,* 1:7! 45 


Experiment 17. Plate XXXI. Fg. 1.] Invert the 460 
Glaſs. R, and immerge it in the Water contained 
in U; the Air keeps out the Water at whatever 
Depth it be"immerged ; yet che. deeper the Glaſs 
is put down, the leſs Space the Air is reduced into. 
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Upon this Principle are made the Machines in 461 
which Divers go down into the Sea, They are 

made like Bells, and deſcend by their mu Gra- 

vity ; the Water does not riſe up to the Diver in 

the Bell ;-freſh Air jo Jope OR. Continagll wy «>. 
Bladders tied to a Rope, which he draws. down * * 
to him; the Air heated hy his Reſpiration, riſes 

td che uppet part of the Hel 5 there driven 

out thro 4 Cock, by the Preſſure of the Water, 

chat puſhes up and compreſſes the Air in the 
fower' part or the Bell e overcomes 

the Force with which the Water cndeavours to 
deſcend thro* rhe Cock; far che Preſſure of Li- 
guids is increaſed, in proportion to their Depths. 205 
Experiment 18. Plate XX XI. Fig. 2.] Take lit- 462 
tle-Figures-of Glaſs that are made hollow, of an 
Inch and Kalf long, repreſenting Men, which 

may be had at the Glaſs-Hlowers; theſe little 

_— Q 4 Images . 
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Images have a ſmall Hale, i mf f, their Fest, 
2nd 1880 lighter th rl han, 18 1 r 
to the Water contait — Gn 
Glaſs is about; : 99 5 
| 8 e Ids 1 1 

the A 908 and Su 

If the Veſſel be 118 W1 ith the ©. 
* e is ce d a Jeſs Sp 
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the little . Nd 
. compreſſes thie ne jn their e than it 
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Patt of the {poles in Water, and 
put Gover ee Glafs Receiver U. 
and A hanf che Ait out of 9 55 N part of it. | 
Having taken away t e Air from 
the dutfacelof· the Wy Move Ait in the Fits 
Body expands it elf, by which | means the Fiſh . 
becoming li tere cao e the Water. 5 
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Veilels in the Body are not broken; d 
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This Inſtrument is called a Hphon. © , 
This Effect ariſes from the Preſſure of the Air, 
which drives on the Water in the Syphon, by its 
Preflure upon. the Surface, of the Water in the 
Veſſel. The Air does alſo preſs againſt the Wa- 
ter that goes out of the Oriſice i, and ſuſtains it. 
Theſe Preſſures are equal, and act contrarywiſe 


* 


in the upper Part of the Syphon, with a Force 

equal to the Weight of the Atmoſphere, taking 

. away the Weight of fe Pillars of: Water which 
dete ſuſtained by the Pr 

Pater in the Leg Sb is! than the oppoſite 

Enlar of Water; therefore the Preſſure of the Air 


eſſure. The Pillar of the 


* * 


is more diminiſhed on the ſide 58, and the op- 


. 


poſire Preſſure overcoming. it, the Water flows 
towards 6... !-: en ee fone] 


* 
. 


21 ö 12 A 10 n= T 8 4} Ty a 40) 11A . — 51 
Experiment 2. Plate X XXI. Fig-:6.) The 8 y- 
phon abovementioned has this Inconveniency, 


that if once it ceaſeth to work, che Water Wil 


„„ THZSs 


Teese ne Air he drawn our of te 


Cube” afreſh. This may be correfted by making 
2 Syphon in the Figure 485, whoſe Legs ate 
equal and turned. np again : For if the Syphon be 

led with, and one Leg be immerſed in Water, 
ſo that the Surface of the Water may be above 
_ ef ** the her will run out thro' 
the other Leg, the on given in the Expli- 
cation of the K pere Since the Legs 
are returned up wirds; the dyphon will not be 
emptied hen the running: out of the Water 
ceaſes, and ſo the Syphon being once filled, is 
always ready m work its Effect. The Water 
ward thre it, accordingſaj 


we 
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Plate XXXII. Fig, .] Upon the fame Princi- 
die as the foregoing Machines, is cantrived the 
phon for railing Water into a Ciſtern, The Ef- 
fect of this Syphon becomes viſible by the help 
of a Machine made up of two hollow Glaſs Balis 
a H and I, which are joyned together by the Tube * > 
ep E, the Ball I communicates with the Water 
io be raiſed by means of the Tube A B, which 
comes up almoſt to the Top of the Ball; to the 
Ball H at the lower Part. is joyned the Tube 
FG as long as the whole Tube AK. 
The Ball H muſt be filled with, Water through 
2 Hole by a F unnel, and then the Hole muſt be 
e n 
n, ſuch. Machines as are applied to Uſe for 
wing Water out of à Reſervoir that contains it, 
I the Water js brought apy way into'the Veſſel H, 
ad the communication between the” Veſſe! and 
the Reſervoir is ſbur up Wich a Cock. | + 


470 


E Experiment 3.] Opening the Cock &, the Wa- 

ter will run out that way, and the Water will 
end through the Tube A B up into the Veſſel 
- . 7; hich being filled, the Macs, B Re to 
away to the Place where you would bave it; 


and by repeating the Operation, ; the Elevation 
d Opening the Cock G, the Air preſſes againſt the 45 
i Varer going out of the, Tube EG : the Air alſo We 
res upon. the R the Reſervoit, aud ſu- 
lived that which js in the Tube AB. ThefePreſ- 
ſures are £qual, and if you take from them xhe Co- 
lmns'of Water which they ſuſtain, you will have 
the Forces by which they ad upon the Air contain- = 
Ain the upper Part pf the Veſſels and the Tube 
CDE. The Pillar FG, becauſe there is ſuperadded 
fo it the Height of the Water in the Veſſel H. does 
; WS » © Tet ernte Ks Ys 
—_ ... | always 


\ 


7 a 


2s being longer; therefore 


236 Mathematical Element? Bock 

always R the Column in the Tube A} 

he Preſſure at G 

leſs diminiſhed chan the other, and ſo overcon 
y it, and therefore the Water muſt riſe in 
ube A B, and deſcend down F G. 

472 To render the Effe& of contmon Pumpy iibl 
let there be alittle Pump' made of Glaſs in the fe 
lowing manner; AB (Plate XXXII. Fig; 3.) mud 
be a Cylinder of Glaſs, and about an Inch and 
half Diameter. In the Bottom of it j joyn a Tub 
of any Length, as CD. Let the upper Part d 
it be ſhut with a Leaden Ball, fo that the Wat 
may not be able to deſcend Gur of the*Cylinge, 
but may cally riſe into it, by raiſt ing'ys whe the Bal 
which we make uſe of here inſtead of à Valr 
The Piſton is moved in the Cylinder A B, Whic 
being gehe with Leather, exacty "fills it 
Cari : there is a Hole in he Piſtoh, which like 
wiſe is ſtopp d with a Ball of Lead inſtead of | 
Valve; ſo that the Water may riſe, but not de 


| ee ph Fir, 10, 


, as Puſh do i the Pills ts ; 


tram, Vater u to hinder the Pal 
57755 0 bp of the Tube C D be 


- jmm Water, and che Pillen be raiſe, 
e ins * bs into the Cylindet 8 


*447. or rom . it .c jon defcend'; 'whetefort, 
IT 9 7 Jas ue 1050 when ir it 
9 7 th 1557 again, the 15 
deer is a f ith ot het Warer, and = 
firſt ets 1s Fa | into the ke Wooden c 
5 Joyned to the Glass den kr on 
which it 5p throath che Tube G. 
473. Since the teas of all che achines il 
in this Chapter, depend upon the P a = 


| Atmoſphere,,the Water will oe riſe iu ticſe M 
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There are ſeveral little artificial Fountains 
that are called the Fountains of Hero; I ſhall 
here give the Conſtruction of one of them. ; 


Plate XXXIL Fig. 4) Let there be two equal 
elliptical Veſſels A E and CD, exactly ſhut on all 
ſides, made of any ſort of Meral. 1152 

In each of them there is a Separation paſſing | 
through the Center of the Ellipſe, which: vides 
the whole Veſſel into two equal Farts. 5 

The Separation uni in the Veſſel D C, is 
perpendicular to the Axis of the Ellipſe, the Se- 
paration c f g h of the other Veſſel muſt be 1 ty, 
cline&to that Axis. 

There is a Brim raiſed. round about the upper 
Part of the Veſſel AC B, to make a Baſon. | 

Four Tubes are joyned to theſe Veſſels. The 
firſt o goes through the Cavity B of the Veſſel 
AB, without having any Communication with 
it, and deſcends almoſt to the bottom of the Ca- 
vity D; the ſecond 31 is ſoldered to the upper 
part of the Cavity D, and aſcends to the upper 
Part of the Cavity B, but not quite ſo high as to 
touch the upper Plate of it. The third q r reaches 
from the lower Part of the Cavity. B, almoſt 
to the bottom of the Cavity C; the ath, x u, is 
made faſt to the upper Part of the Cavity C, and 
reaches almoſt to the upper Part of the Cavity A. | 

Laſtly, there is a Tube z y, which going through 
the-upper Plate, is ſoldered to it, and reaches 
down ſo deep in the Cavity A, that its End 2 
is but a little way off of the Bottom. 

There are Cocks joyned to every dhe ob the 
Cavities; or elſe they have other Holes that art 
ſaut up with Screws that have Leathers on them; 
the chief uſe of them is to let out the Water very 
clean from the Cavities, leſt they ſhould _ 
80 when the Machine is not in uſc. . | * 
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| 2 Water which, ſtands at a ſmall Height: in-rhat 


Experimine 5. ] "wa m Water — the Fei 
Tube op, fo as to fill the Cavity D; if you con: ¶ om 
tinue to pour in Water it will riſe up through the the! 
Tube t, and then deſcend: through ꝗ r into the Cal 
Cavity C, Which is alſo filled, the Air aſcend. A, 


ing up through. x u, and going out through 2) Tub 


Turn the hine upſide down, opening the I face 
Cocks. of the Cavity C and D, the Water will de. 2 Fi 
ſcend into. the Cavities Band A. Having again ſnut I ble 
the Cocks, as alſo the Hole y of the Tube 2) Nen 
ſet the Machine again the right Side — who 
and pour in Water again through the Tube «oj wh” 
till the upper Surface of the Machine be — 1 
with Water. Now if the Hole y be opened, the Colt 
Water. will ſpout up to almoſt twice the Height & ¶ uu: 
che Machine, and the Motion of tbe Water will N ce 
continue till the Cavity A be emptied of its Wa Nm 
ter. The Height of the ſponting W Water will con- C 
tinually diminiſh, and at laſt it will not 77 dou- ber. 
ble the Diſtaner of the Veſſelis. 

The Effect of this Machine i is to be intibud 
to the Compreſſion of the Air in the Veſſels. The 
Preſſure of the Atmoſp̃here at o and y, as alſo in the 
Veſſels, is equal, and theſe Preſſures deſtroy ont 
another, therefore they are not to be conſidered in 
the Examination of the Machine. When at laſt 
the Water is poured into the Tube o p, it is ſu- 
ſtained in it by the Preſſure of the Air contained 
in the Cavity D, and acting upon the Surface of 


Carly; which Air therefore is compteſſed by 
ight of the Water, Whoſe Height is po, We ts 
—— by which the Freſſure of the * 
Atmoſphere is overcome. The Air in the upper III 
Part of the Cavity B, communicates with the W**! 


Air above - mentioned by the Tube , and is e- 


_ . ef 
upon 
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pon the Surface of the Mater in that Cavity. This 
Reelle is to be added to the Preſſure ariſing 
rom the Height of the Water, in order to have 
the Force by which the Aix is compreſſed. in the 
Cavity. C, as alſo in the upper Part of the Cavity 


A,. by. reaſon of the Communication through = oy 


Tube x u. The Preſſure therefore upon the Sur- 


face. of. the Water in that Cavity. A, is equal to 
2 Pillar N whole Height is almoſt dou- 


ble: / 


- & @ 


whole A tn that is, to a Height nog much 


wanting from the Height of that whale Column. 710 


be Height, is continually diminiſhed;; for the 


N the whole Machine. And 
thereſo pouts 48 if it was preſſed by ſuch a 


* 


Columns of Water which, compreſa the Air, con- 


tinually becomes ſhorter, becauſe the Water 
aſcends in the Cavities C and D, and its Height is 
gee in ori B. In the ſabie Time the 
3 A is Ry evacuated; and the Wa- 
. greater Space. before it 

— therefore Wannen e 
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neighbouring Particles into 3 leſs, Space; and 
the, Air is es le oe Plc it r 5 pe 


In the Place next to it; the compre 
the Reſtitution of the Spring, not only 3 I 
oti 


moved, recede from. their Place, and drive the 


ir, by 


is firſt State, but 18 a W the 
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ſed itowards other Parts! Ihe again 'Vbtain 


when the Air lab 
which a 
thereſore 


* 103 is called Kita Com̃preſſed Kir Aw 
ditateso it ſelf: Way; and the * BY: 
| 477 Wires 1 pee ex W wh 


the ſamm manner 46 the Wee e ths 

* 405 upon ge Surface of che Waser # ind 5) 

478 1 Muue men in th APP, tube ever it 
paſſe] the Partieles nt rende fbr their Plate, a. 


return 10 1b 
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Laws f dhis Motion; let us cbnceve“ 
of Kir td he placed at 
ina Righ Lier ash, ,, 484d H. Leer theß 
Wave be ſuppoſed to move along that Line; Ho 
let us ſuppoſe it to be come 

Line, as far as Between Jan 
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ape the Feta 
rticle, 42680. 

ave, ſuffers a dif- 
5 bn Plc the. ITN alliciry by which its 


i ang diminiſhed or 
% 0 2 the Motion 
nl determined from the 1 
11 a 0 e a N Direction only, 
does not. always 5 80 with that 1 5 


e TOM ines 4 


= — eerie 9 The a 
| P continue. their Motion, 


m þ nee dorrar 1s þ, as, in 
be A ner ter. * 
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| Bae by the, AS Re 
chaiſe 15 ED tha 6. , the 


2 Motion ac troyed.; in.w hich , 
Lie a Particle phy og N iq reſt, and its 


tomes to reſt. in-its;firlt A en ary cames 
Wart 5 1 as 2 the. 2 


a >re PE. 
and P | 


43, it ru — 2 — 2 
72 LD goes aud 72 1 the Notion 
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"df i# is made — Fiſhtt 
er appears, this Particle oe ccc et 
. 8 Stare of the Particles 4 "the 

: articles s gh are; agirate by the lik Mo- 

8 SN Moro of dy Piel Ws 15 i going back 
* 84% rd and forwavtl 4 . d ms 1515 
"Baring Pendulum,” u! 5 T Geil 


Sade, chat Is, Yoer once 'go forward Mid 'Batkward, 
A*Pehdutum "Jef ds in % Oſcillation, and the 

5 \* acquired! TT on of 
ity, ande ig Accel ny 127 ff it comes 
Agen ro the elt Fe Os 
ed, Hr, the” Middle 5 to be run 
n rden 8 925 e Motion 


Xa de, Ee is del eg aa Fon 


raviry, whoſe irection chan Point, 
1 Ne B85; (cEnds aß 10 — 5 * 
15 to be de etibe 42 ths A 
Lais IE yew NC 1 8 

. "The Rae 8 5 5 Haſtic 
is Motion erated by the Actibn 1 5 
Jaſticity, unk x5 t6 frudti6t of th 


4 a 0 8 e *0 Which Aus Ion is 
1 
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* 482 Kenn) acquired; thotph"Griyity inſt it, 
ir pe gere oe I I 5 ARion 0 

che faid Elaſticity t F600 1K hs Ter 
1 "which ic Bas gotiethrough': 
Space equal td That in Which it ee 
der tde Pa ae Poli h'ss fe 


in Eine Rr The t. the tuation o 
rhe Particle h. 15 es: e'Etafticit 
8, Pa rticte Tettirn =! Wc until 

acquired The tiele e, il 
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Line 4, ĩt comes again to the Point that is in the 
middle of the Way to be run through. The Par- 
ticle continues in its return, until by the action of 
the Elaſticity, whole. Direction is again changed, 

* the whole Motion is deſtroyed*; and then the * 48; 
Particle returns to its firſt Poſition, as in the 
Line 13, and there, not being agitated by any _ 
new, Mation, it remains at reſt Therefore the 487 
Motion. f the Tremulons Body, ig which the Air is a- 
e ceafmg. chere are: nonew Waves generated, and 
the, der of the Waves is the ſame as the Num- 
ber. Ol Agitations of that Body. 

15 kgs 20 Vibrations of a Pendulum, the 
2 of Gravity ſhould ceaſe, as in the Air, 

A de ed cteturning of a Particle, the 
AGE: e pn Particle: ceaſes, 
the Marion; of. a Particle of Air would wholly 
agree with. the Action of 2 Pendulum. In the 
nc Poier of. the Arc, Which is ta be run 
in the Oſcillation, - there is no Action. df 
ae aod its. Direction is changed.; in the 
le Point of 1 thro - by 
ge ace p in its N in whi 
” in the 4b .2nd-1oth Line, the Situation gf 
this Particle agrees with the Situation of the Par- 
eee 4 in which Points there is 
vo Actiomof Elaſticity, and its Direction is chan- 
Wh In a, Pendulum, the more a; Body ofcilla- * 755 
| t from the loveſt Point or middle 
«e's £16: be ds deſcribed, by ſo much greater 
is the Forge EP aRing.npon i it; the more 
do the Pu Par ep is diſtant, from the Space to 
Mac en it; and in che, Lines 1, 7, and 13, 
the Particle is moſt ef the Point above- 
mentioned, and its Situation there agrees; with 
the Boines#, I and 2 in the Line 1, in which the 
e the Elaſtici 7 is greateſt of all. 
According | 


— - —_  — —— 


144 Mathematical Elements Bok Il. 
According to hich Da, fince this Action of 
Elaſticity increaſes:with the increaſed Diſtance of 
the often mention d midũle Point; it is determined 
tom the very Lau of the Elaſticity of the Air, 
whoſe Particles drive one another away with 2 
Force which is inverſehy as the Diſtance between 
42 the Centers of the Part inles: andi it is demon- 
| trated, that the Action of Elaſticity upon, ſuch 
a Particle as p is/increaſtd or diminiſhed in Pro- 
portion to the Diſtance of the middle Point of 
the Space to be tun thro! : and therefore alſo in 
that Part there ia an Aalogy between the Mo- 
tion of 4 Particle andithe:Motion:of ia Pendulum 
156 oſcillaring in a Cycloid. . * no 51 WL BIRY 
It -the Breadrhwwb the Ware remaining, the Par- 
ticles run out thro! a greatet Space the Compteſ- 
ion und Dilatation of the Air in the Wars will be 
er, and there will be à greater Action Of Ela. 
Rieity, and that greater in the ſame Raticuin which 
de Spuct gone hte in the going and coming is 
increaſed't- and: the Motion of a Patticle, as p in 
Mis Caſe, differs from the Motion in thefordgoing 
Caſey as the unequal-Ofciliations of different Per- 
dulums differ which] as they are performed in 

*156 echual Times,“ rhedame: will alſo obtain here. 
Therefore a Particle, as p, if the Breadth of 
the Wave continues the ſame, goes nod comes in 
tlie ſame Time; chroꝰ whatever Space it be car- 
ried out of its Place; that is, the Wave will go 
488 its Bteadi in the ſame Time; therefore ail equal 
Waves; "whethev the Air be more or leſt agitated, are 

equally- wit. ; DOE HOgNS. A An uh armani; 

489 Now ter us examine unequal ayes let em 
de A % B, and let che Spaces gone thro by 
tte Particles in che Motion of eachlof em in 
_ "$6ſg and coming be in th ſame Ratio; im tiut 
Caſe the Com nnn. ar od 
PA | & 2 ad. pon 
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n of MW ſpondeit' Places will, be-cqual;:2be Actions there- 

e of e from i the Elaſticity; donꝭt differ in corre- 
ned W ſpondent Diſtances from the middle Point af the | 
Air, Spaces to be run threꝰ by the Particles in their 

tha going and coming. Therefore thoſe Motions aue 
analoguns 10 the | Marions of ru Pendulums, whoſe 
Lengths ure as A and B, and which run thro''fimur 

lar Ares; for in the correſpandent Points of 
thoſe Arcs the Action of Gravity is the ſame, 

la Peudulums the Action af Gravity increaſes 

as che increaſed” Quantity af Matter, and whas- 

evet he this: Quautity, the Matian is equally ſwift 
when che Stavity is dat changed; on the con- 
trary, the Action of Elaſticity is determinsd in 
the Mutien of Waves, and depends upon the Di- = 
ance berween the Particles and the Velosity 
which is generated flom itz the-Elaſtioity remain 

ing che:ſame;; is inrerſely as the Quantity of Mat- 

ter rothe moved.“ u the Haves: above-mentioned 65 
teQuantivics of Matter are as the Breadth of the 490 
Waves 4 and h, and the Velocities generated hy 
the Elaſticity are ctherdfore: in correſpondent 
Nins at teu: Therefore: theſe Motion: Are 
anulbgou 10 rhe Motious of Ftudulums deſcribing ſi- 

milatꝰ Ars, and wowed: with: diere Forctr of Gra- 

with; which ans tu one auotber-as:Bito- A; for in cor- 
relpprident Points of fimilar- Arcs, the Celeritiss 
arifing from different Gravities are as thaſe Gra- 
Wies We At i u i inet 39654 

Nor to compare the Motion of Wayes mik 
the Motion of: Pendulums, we-muſt conſider Pau- 

le dulums differing in Length, and on which. diffe- 

t eu rent Forces of Gravity act; and we have fnewn . %, 
0 har theſe Cauſbs produce ſingly in the Dura 490 
m u tioofithe- Vibrations / Both theſe are tobe . , 
that ſomed together, und che Squares: of the Times 165 
corre of che C of Pendulums, whoſe Motions 

nden IQ} R 3 are 


= Mit bemazicul Eldments Bbok 11, 
are analogous to the Motion of the above. men. 


490 tioned Waves, ate as the Length A and B,“ and 
1 inverſely as the Gravities B and A: * That is, 
"0 „ again directly as A and B; the Ratio of which 


* Ratios, i is a Ratio compounded of the Squares of 
tho: ntities A and B. Therefore the Times of 
(cillationsart'as A and B, 'and the Times 
= in the ſame. Ratio in which the Particles of 
the Waves go and come; that is, the Waves run 
through their Breadrhs, which are as A to B 
which Times ate therefore as the Spaces gone 
'thro* by the Waves, and therefore the Motions 
are equally ſwift. If the Space be changed thro 


which the Particles go and come, tlie Velocity 


| 48 of: the Waves is not changed ;* wherefore the 


4501 
402 


Wh, 5y verſely as the Deuſities; but this Vatiation of 

2308 21 Ceterny Abd in the Motions of equal Pendu- 

„ums, with the Variation of the Gravity,“ in 

m hich Caſes the Squates of the Ctlerities of the 

„e Vibrations, are as the Gravities''themſelves * 

therefore in M * "of their Celerities are 
978 


7490 


* 


mode with the ſame Velocity. 


ticles go and come, the, Celerities ariſing from 


Proportion which we have put down for a De- 
monſtration, between the Tarp r by 
the Particles in their going and coming, may be 
-negle&t fed, and the deere ien dre 9 generally 
true, that Waves, whether equal 05 e 


This Rule Will hold good, ft State of the 
N 842 not changed. ; but we Elaflicit) remaining 
the Jae, rhe Denſity of the Air Gen varies; "andthe 

«hy maybe" thanged, the Denſity remaining 
the fam San? both are r Hable to be 
changed. by W 7 24 +3 ear Ao! 
„In dhe firſt Caſe; ſuppoſing gaſh the Wares to 
be equal, and alſo che Spaces thro” which the Par- 


- the Elaſticity, which is always che lame, are in- 


inverſeh 
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inverſely, as the Denſities... The;Suppoſition of the 
Equality f the "Waves. wy the Spaces gone 
thro by the Particles, docs not hinder this De- 
monſtration, from being ugiyerſal,* 2468, 

When the Denſity remains the ſame, but the Elafti- 491 
a. changed, the Celerity ariſing from i it, varies 193 

n.the lame Ratio as the Elaſticity ; wheretore 
fromthe Pemonſtration of the foregoing Propo- 
ſition in this Caſe, the Squares, of the Celeritjet of 
the Maxet are at the Deg res of the Elaſticity. 

[Af the 12407 and the Denfity differ, the Syuares 494 
of the Vela «ities. of the, Waves will be. 25 a Ratio com- 
pou ofthe dire Ratio 7 the Elaſt Ricity," and the 483 
inve Ratio of the Denſity 4092 

the Denſity and the $A et 2 or 71 495 
in the} 10, the inverſe 400 of the Den- 
as will deftroy the direct Ratio of the Elaſtici- 

nd % Celerity of the Waves will not be changed: 

9711 Taſk Caſe happens in tlie Compreſſion of 496 
the 1 Therefore from the changed Height of t the {430 
25 lar of „ which, ig. ſuſtained in a Tube u 


ure ,of the rar Which 1 
446/14 eight, by which the Air is com- 
preſsd.near. the Earth is changed, ue muſt not 497 
Judge . vg the Waves, to be changed. For the 
lame Waves. hal moved, with the Jane 
Celerity_in 19 15 vg tain-as in a Valley ; 
en of the; Elaſticity it Barb by 
ae ou hich. is almoſt always more 
int 2 2 Mountain than in a Val- 
[ a 1 WY DE the Wares to 
. — ; 4 "that 555 493 
We Alt Hayy. move Cod in, bart 


* - 
— — —U——— —— 


1 


2489 "Matherticd}\Elomants 11. Bock II. 
Mercury, which weighs ally witch the Preſ- 
*422 ſure of the Atmoſphereʒ — alſo the Denſity of 
"442 the Air ;“ the. Heght of abe Axnoſpbere,' ſuppoſing it 
every where equally\ denſe with the Air wear: the 
Earth; the Velocity of the Waves will be the; ſame as 
a Body could acquire \ in falling from half that: Height. 
Which Velocity, from what has been ſaid; may 


be eaſily diſcovered by Experiments made upon 


157, Pendulums.“ ie totes 04,912 18418 114 1 


158 If the Weight by which the Ar is compteſs d | 


0 be diminiſh'd, che Air expands itſelf in the ſame 
* Ratio * and ſuppoſing the Armoſphere: every 
Where of theſame Denſity, ite Height does not 
vary; which agrees with what has been ſaid, that 
the Velocity of the Wayes is the ſame in diffe- 
496 rent Compreſſions of the Atmoſphere.* 
500 The Motion of the Air, which we conſider in 
this Computation, ariſes from Elaſticity alone, 
and the Computation wauld be exact, if the Par- 


\ 


_ tides: themſelves: had not à ſenſible Proportion 


r 
e that ra ſc Proportion to 

them, the Metion of che Waves will be ſwiſter; 
fot it eee ſolid Bodies in an in- 

| ſtant, 2999 0 


50 e AMatiom of , av fin α⁴ Air producer Sum; 
of which before we ſpeak, we imuſt laycdown 

ſomerhing in genetul relatiog to Senſation- 

502 80 ſtrict is the Union 0 the Body and the 
Mind, that ſome Motiens in the Body do as it 
vwere cohere with certain Ideas in the Mind, and 
they cannot be ſeparated fiom' cachiother, From 

the Motion of the Body are new Ideas every Mo; 
ment excited in the Mind, and ſuck ate the Ideas 

of all ſenſible Obiects t yet we find nothing cam · 

mon between the Motion: in the Body and the 


Idea 


be referted to heteroge - 
, neous; Coxpuſcules ſwimming in the Air!! 
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idea in the Mind, We cannot 'perceive what 

Connexion is here, nor that any Connexion is 
ble-41 There ate an inſmite number of Things 

arne from Wat o which we have not ſo much 


eee Morich of the Air agitates 503 | 
ympanum, or Drum of the Ear; by which 

_ a Matien is communicated to the Air con- 
tuined in that Organ, which being carried to the 
n excites in che Mind the Idea of 
Soun 

The) Structure of this Wend (amp and 
external;cis wonderful; hut here we treat of ths 
Motion af the Air; that it is the Vehicle of Sund, 

is ptoved * following ieee. Th 
— las XXIII. Fa. a] Take the 
Leadem Plate Q, which h as two cylindrit Pillars 
of the ſama Metal C, C, fixed to it; join a little 
Bell to ah Hraſs Wire B D, and let it be tied 
wich Strings tothe Pillars C, C; lay the Plate O 
upon the Braſs lata of the Air Pump, putting be- 
tween alittia Cuſbian of Cotten ar Ra w- ilk; ſex 
Receiver on aver all this Apparatus. Cover the 
Recgivrr with a Plate that bag the Collar of 
Leathers ſcrewed ta it, thro" which the Braſs - 
Wire D . up end:down ;*' to the Braſs 44 
Wire You muſt faſten the Plate ef, ſo that by 
turing the Wite toung, the Bell A may be agi- 
tare. Pump out the Air from the Receiver, 
and: haking/ the Bell in che manner before de- 
(cribed,/2yau will not haar the Sound. By tum- 
ingazhe! Wire DE, the Bell Will move — 
aud far ward ſeveral times; but we are only to 
obſerve that Motion in which tha Plate ef darth 
nat m h the Wire & 4. uten the Air, the 
dag wil be heard as before. 


From 
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505 From this alone, that the Air is the Vehicle 
of Sound, and that Soun is moved thro it 
without the Aix's being carried; from one Place 
to another, it evidently follows, rw in Sound 
there is an undulatory Motidn of the Air, and 
that Sound ariſes from. the tremulous Motion of 
Bodies. That this obtains in Cords or Strings 

* ol Muſical Inſtruments, no body doubts, ſince by 
giving them 2 tremulous Agitation they produce 

4 Sound. In great Bells, and ſeveral other Bo- 
dies, this tremulous Motion is very ſenſible; but 

it will become viſible by / the following Bel 
ment münden Hſovading e Dell 0 43G) 

\ 


" Experinent's 1 Ter che Glaſs Beli ce fix'd 
with Plaiſter or Cement to a wooden Screw, by 
means of which it may be made very faſt to the 
tranſverſe Piece of Wood AB; this Wood muſt 
be ſuſtain d by two wooden Pillars & 8, to which 
it is firmly join d wich Screws and Nuts. There 
is'a Pin with a Screw upon it that goes through 
one of the Pillars juſt even with the Mouth of 
the Bell; ſo by {crewing it forwards, or back- 
wards you may {et it nearet to, or farther from, 
the Edge of the Bell If this Diſtance be very 
ſmall, and the Bell be ſtruck, it wil by its tre 
mulous Motion Brike ſeveral times t the 
Fin with its Edg g. 
506 Hence we deduce,” that Boch 
ctntinues t0 give 4. Sound lame ime. after. the Blow; 
the agitated Fibre will continue his Vibration 
25 ſome time, on account of the . we 
often ſee, as in perimam z. tha a Body gives 
4 Sound, though the 898 ir has no 
Communication with the outward Air; whence 
507 ene neee of the. Air abe Fibre, 
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of which Bodies conſiſt, urs mod; which Motion 
f ttansferr'd into the external Anka | 


This Tranſlation'of' the Sound by the tremu— 
lous Motion of the Fibtes is very remarkable; 


and how the Commuflication of this Motioa | 


extends Teelf, wil 1 by 2 of: ax Expett- 
ment. 
Wig x? Fs „XXXII Fig: Put) - This 
Experiment differs from the firſt Sy in this; 
= if,” inſtead of xying the Bell to the 
wooden Machine C O C, it be faſten'd to the 
Ends of à Braſs Plate bent in the Figu 
double Gnomon, which is made faſt ky a Screw 


to thie Plate of the Air-Pump, and the Air be 


re of a mY 


pump'd qt, and the Bell ſhak'd in the ſame manner 


litrle Different between the Sound thmt is made 


when the Air is exhauſted," and « hen the Air i is 


wadmitred eee 
The FR albtis Motivh Wie parts of thi Bell 


is communicated to the Braſs Wire h u, ſo as to 


moße the Strings by which the Beil is ſulpended, 
aud this Motion is transferr'd to the bent Braſs 


Pate; the Screw, with which this Plate is joinꝰd 


to thie Brals Plate of tlie Air⸗Pump, touches the 


Plate, And communicates a tremulous Motion to 


it, by which the Air i is agitated,” and the _— 4 


of the Bell is heard. 9293099 F (3 vB" 
"The "Celevity of — 


i* Intel; 


obſerv d, that the Celerity of Sound can no w 


de determin d by Caſculation; for the 
tion between the Diameters of the Particles and 495, 
in n the Interſtices between them, is not known, * 


fame as FR 25. "4 

my of the Waves, which ftrike the Eur.; and to. 
— muſt be refert d whar has been ſaid of their 497. 
Celeri 


508 


pect to Numb. 499, ir is to be 107 


493», 
494, 
495. 


498, 
neither 499, 


7498 conſtant. N 
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| The Celerity of Scund may be iminediatey 
determin'd by an Experiment. 


4 9 9 9 


509 If a Flaſh of 'Fite goes off at Night with 2 
Noiſe, and a Spectator ſtands at any known 
diſtance from the Fire, who with à ſhort Pen- 
dulum meaſures the Time between ſeeing the 
Light, and hearing the Sound, he Will have the 

Celerity of the Sound ; for the Motion of Light, 
at leaſt Sg the Space as ſich an Experiment 
Can be made in, is inſtantaneouus. 

510 By ſuch an Experiment made in Frante it ap- 
peat d, that Sound run 1890 French Fget in 2 

ſecond Minute of Time ; but this Celetity is not 


511 If ax the ſame time in which the Velocity of 

the Sound is detetmin d by this Method; there 
*422, be made the two Experiments above named, 
499 one may by Calculation determine the Motion 


*.499 of Sound by the Elaſtieity of the Ait, * and by 


are, it wich the Velocity” immetiiatcly 
mention d, you will have the Acceletation of 
- the Sound, trom the Thickneſs of the Particles 
512 and the heterogeneous Matter. 


*491 - The Colerity of rhe Hund in tquable, * yet in goig 


' #hraugh à greater Space, it is fometimer nccelerared ur 
*,93 retard; from the different Degree of Etaſti- 
city in different Places, in uhieh there are diffe- 

* 434 rent Degrees of Heat ar Cold. 
513 Te Celerii of the Sund tees not much dier, whi- 
ier it goes with the Mund, or againſt the Wind. By 
the . 
ſtom one Place to ancther; the Sound is acht- 
llerated dong 45 it moves threugft that part of 
.  tthe Air; if the Ditecrion of the Schund Be be 
Lame wir the Diteckion af the Wiiid 7 bit as 
Sqund moves very fwift, in a very fhott time - 

| w 
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will un through ng Air which, is agitated by 
> Wind, and the Acceleration does not 
which indeed is nt very great; for — 
on violent Winds, hich are ſtrong enough to 
root up Trees, and b aw down, Houſes, have 
their Celerity to, the Celerity of the. Sound _ 
about as one to 33; hy the ſame; Argument it is 
prov d, that no ſenſible Retardation 1 is occaſion” 1 
by * 9 2 dhe, Round. moves againſt 
Space which, the Particles. run, through, 
as t ey come a 5 may be increas 'd and di- 
AA the „ therefore the Sound may be 
2 rely rr 15 ſnake Diſtance, aa o 


— 50 80 the 12 88090 depends 1 upon the TY 
5 1 5 the Aix on the tory Wee 3 
| / wah ben e TN D 
in The Io; 


$8741.15 US M474 7 


„enge it follaws,..that ceteris paridug, the % 535 
n 9 Co bog ihr Space 709 through by he 
Ferns in their going. and comi A. 45, 


Ml Sings remaining, AS re, if the Wright 53s 
Gee dhe Air is N d be he Be The + 5 
Celerity does not vary, but the al it 
een ſame Ratio as che Weight. 299 
herefore, . ceteris Parte. Intenſity, of * 516 
e which the Air is compreſs d; * 62 
lity jncreales and decreaſes, as 
the 1. es — » which is in <Equilibrio 
r he Atmoſphere. 


e 4 Plas d e 0 Sale. 
porn 4 Pw, e exactly in the * 454 
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As the Jntenſity of the Sound: in gompreſed 
Air inciaded in a Veſſel is greater, ſo the Fi. 
bres, of which: the Glaſs V Vis made, are agi- 
rated, and a greater Agitation is Tonic el 
to the. eternal Air.. a 
517 Af all things remain gs before, but the Elaſtic be 
inereas d, the Denſity is 'diminsſh'd-in the ſame 
„10 Ratio as the Elaſticity is inereas d, but the 
Celerity increaſes as the Square Root of che Ela. 
* 493 city? 3 there fore the Latenſiey of the 2 15 di 
Necch a ie Haare Row of 3% Elaſticity," ard 
* 64 verſely as the Elaſticity itſelf q but the e 
pounded of theſe is the invetſe Ratio of the 
| 518 above-menziou'd Square Root of. the Klaſticity. 
I !be Intenſitꝝ of the Sound is diminiſnid 8 
_ * F19 fore, as its Velocity is inertas' d; and in Summer, 
| cætetis paribus, the Iatenſay of- Sound. is leſs than in 
' Winer ; her in Summer Bodies do more eafty trau 
: mit Sound, becauſe their Parts cohere le ſtrictiy, 
© A8, Wil; be explain dat a proper time, ks pd 
do more enn ene eee Mor "ane: 7 


"Exp N 5: Plus XXXIII g 5 Haug 

up che Bel A in a (Glaſs, and opening the Cock 

that the Air in the Glaſs may have Communica- 

ae tion with the external Air, jet the Glaſs be 

© ſhaked, and ee e be determined when 

- the Sound gan be heatds warm the Glaſs and 

repeat the Experiment, and the Soun will. be 
heard at a greater Diſtanca-. i A TI {ek | 

$20 The Bun of Sund wunde in general; is in 
: compound Ratio of the, Space run through rx OI 


* 515 ticles, in their going backward and forward 


= *116 Weight compreſjong the Ars, * oo 5 . in- 
* $17 verſe Rarm f the: Square RU N | oy 5-N 
521 There js alſo a Differenee ee a 


ee che *. unions. ie Hour 1 


"4 
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Bock f. f al rum 255 
Body which produce the Sound, bat is,' of the 
Nader, of the Waves produced in 4 certain 
Time, according to the different Number of the 
petcuſſions in the Ear, che Mind receiving a 
different Senſation. | | 
A Maſical Tone depends upon this Number 522 
of Vibrations, Which is ſaid to be the more 
acute; according as the Returns in the Air are 
more frequent; and more grave, the leſs tbe 
—_ . — is; aud the ees of the 
ome s ferent Sounds are to one another es 
f "the Waves which are produced i in the 50 
e wo time. . of 523 
WR. not oP ls the Intenſity the 524 
"Sound, Nan i e Cord gh es the ſame Sound, 
whether iroibrates1b10* a or leſ. Space. 2357 
"*Concords ariſe from the Agteameiit between the dif= 525 


ferent Motion" iy the Air,  whith Hell the auditory 


Nevaes at the ſame time: 

If eco tremulous Bodies p their Vibes 526 
tions in che ſame time, there will be no Difference 
between their Tones, and this Agreement which 

is'the moſt perfect of - <al, is call d Uniſon." © © 
415 the Vibrations ate as 1 to 2, this Coniforiance, 527 

or gezwement, is call d Ofave,' or Dinpaſin- 
pbſing the Vibrations- à8 2 to 3, that " 528 
Teiche eon Vibration of one Body always * 
ith the third of another, ſuch a Conf6- 
nance is cad a Hftb, or Diapente. e. 
Vibrations, which are #s 3 to 4, give 4 Co- 529 


ſoh ane which is call'd a Fourth, Or Diate ſſaron. 13 


0 9 , 'whett che Returns of the Airare'as 530 
Ft 5. un era 
o eee: is a Dorfacaiics from a C- e 


courſe of the fifth Vibration of one Body with the 
fit of anethe rr 
* ae from the Aide of ct, 


256 > Mathematical Elements Book jj, 
if they be of the ſame kind, is eaſily dete 

by 8 their Dime Hong, and Tenden- f 
3322 15 5. EL if the 7 650 tuo Cords ar 


bin a Con Menace, you wil 


+ 4 + 


the ! in 4 Conſe onance 0 —— the 


* 258 Square Robs of the Tenſions. * - 
535 Andgeneraly, Juppojing Cords of he ſame hind 


$< = # 


> 57 5 an 7 b H the 5 "Ratio of the 


Ny” or ang: he aud the inverſe * 
"A. A K Sus Juare ve 1 be. the Katio be- 
oF Tween. t Numbers 1: Vibrations perform d in tir 
Jame Time in any Conſonance whatever, you will have 

'* 4612has C Conſonance e by the Agitation of theſe Cord. 
„All theſe have been experimentally try 'd by 

- Muficians:, They have obſery' d a very remarks- 

e Phenomenon: relating to theſe Cords, whole 
"= Caſes: very well Hr to be er 

lain * 


536 Las um Muſical Swings l. f te 
"form. their Vibration in equal Times, ; ; if den 2 1 
tion eo the one, the ether will alſo move. Every. 
of, 77 Air ariſing from the rremplous Motion of 'of 
the firſt, String, .{trikes the ſecond} Str 725 god 
gives it a little Motion; the, Sring 4 
Jeaft Motion goes backward and 
*. 37 times, and i 18 — d b Iv the Stroke of 
„ „Were, whilſt the ſecond Wave comes, 2 
©. whole Motion conſpires with the Motion. the 
ag String, and acxelerates it. What is ſaid of 
_ *: the ſecond. Ware muſt alſo /be;-referr'd; to the 
other Waves that follow F ang. there wy at 
re Av 


od nfs 8 PLD Fy $4 4 w I {33s laws 


as 


2 


n 4. apo 


Beten: *rill the: Motion of en ene be 
{moſt equal. 


From the ane Deussuh eden ib does tbüs 537 


in agitated' String vill comminic ate Motion to ano-: 
ther, which” abr. Fwd or. "three nn: ib 
the firſt per ar dr 

"Now if che agitared Srtlog performs ſeveral 
Vibrations, whilſt the String that is to:be.moy'd; 
by the Air can perform but one, from the forego- 
ing Demonſttation it would follow, that it muſt 


communicate a particular Motion to it. To,diſcos. 


ver which, it is to be obſerved; that the Duration 
of the © Vibration and 'the Length of the String 
ate reciptocal, ſo that erery thing elſe continuing 
25 before; the determin'd- Eength can no way be 
ſeparared from the unchang d Duration of the: 
Vibration. If therefore any String be ſtruck with 


ſeyeral Strokes; by which Motion is communi- 0 


cated to ĩt, and the Strokes are more frequent 
than What is agreeable to the Leng 


with the Time of the communicated Vibration, 
will be agitated as much, and there will be as it 


wete an utidulatory Morion communicttedto | 


the String; the Lengeh of the Waves in the 
String wifl depend upon the Duration of the com- 
municated Vibration, that is, upon te Time! 
between the Strokes. 
Tate two" Strings in ſuch Pr 
vibrate rwive whilſt ehe other vibrates but once, and 
let the firſt String be put in Kottom, thn Duta- 
tion of the Vibrations, which are communicated 
5 the laſt String with che Motion of the Air, 
with 2 Kung of 
ch is the Length of the Waves in it: There 
y the commmnicated Motion the String is divided 
enn Parts, and _ middle Point is * 


of Natural Philoſophy. 37. 


obne 
Sting, that Part of it, whoſe: Lengthiagtees 


11e 


ion We uy. 538 


of half its Length, * and “259 
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2538 . Mathematical Elements Book 11 
| reſt, This is confirm d by an Experiment, if 
you lay a Piece of Paper upon the String to 
vrhich the Motion is communicated; for it will 
remain at reſt, if you-lay it upon the middle of 


the String, but any other part of it will be af. 
fected with a tremulous Motion 
$39 I the ring which is pur inte Motion, in order » 
| cauſe Motion in auetber, performs three Vibrations, 
whilft the Str ing to be mov; d: performs but one, the laſt 
vill he divided imo ubner Parts by the communicated 
Motion, and there will ht two Points of Reſt, which 
may be confirm;d by the ſame Experiment above- 
mention d. All-gther Cafes, that have commu. 
nicated Motion; which are obſetv d by Muſi- 
cians ure caſily deduced from What has been 
8 ſaick io now 16) D Oat orig gi ng! 
\ 5490. What hab beęeniſaid of the Reſſection and In- 
* 456, flectiomof the Waves in Water may be reſerr d 
4** to chait Reflection in Air, the Elaſticity in this 
4 Cauſeprodueing the ſame Effect as the Preſſure 
| of therraisd Water in that. 
541 From the Reflesion f the Spumd there often ariſes 
4. Repetition of it, which, is call d an Echo. If dil. 
ferrůt Farts of the ſame, Wave, expanding itſelf 
47% into a Sphere, ſtrike upon different Surfaces, 
ſo chat being reflected they concur together, the 
Motion of the Ai will pe ſtronger: there, and 
the Sound will be heard. The ſame Sud is often 
© - repented different times from the diſterent Parts of 
tke ſame Wave refleRed: to. different. Diſtances, 
and ſome of whith alſo ſucceſſively concur at 
542 the ſame Place. Such a, Repetition ſometimes 
happens from the Reflection being repeated. 
541 * © The Sound ts often iurrens d Refle tion in a Tube: 
The moſt perfect Figute of all that can be given 
to uch a Tube is chat of 4 Parahola, revolving: 


about x Line à quarter oſ an Ioch diſtant 1 
| 2 ; . the 


7 


* 
14122 


Book II. of Natural Philoſophy. 259 


the . For if any one ſpeaks in ſuch a Tube, 

kerne his Mouth in the Axis of the Machine and 5 
Focus of the Parabola, the Waves will 
be ſo reflected, that every one of their Parts will 
acquire 2 Motion parallel to the Axis of the 
"Machine, whereby the Farte of the Wave and 
"Aſo of the Sound will be very much increaſed. 
There muſt be a Mouth- Piece to fit: he) Lips 

fix'd to the End of the Tube. 
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HE Re 4 PoAoſophey „ Or, ebe K Ri kr 
T Uſe of hin Pooh the Works of The 
Creator. I. In the wonderful Structure of Ani- 
mal Bodies, and 18 — 1 Man. II. In the 
no leſs wonderful fe Formation of the 
Elements, and their various Effects upon Animal 


and Vegetable Bodies. And, III. In the moſt 


amazing Structute of the Heavens; with all its 
Furniture.” Defigned for the Con viction of A- 
theiſts and Infidels. Throughout which, all the 
late Diſcoveries in Anatomy, Philoſophy 5 Wo 
Aſtronomy, togerher with the various F 
ments made uſe; 6f de maſttate the 2 
moſt copi HAR ed by" earned Mathe- 
marician, Tha earrings, Tran - from the 
Original, by Jin Chamberlayne, Eſq; F. R. 8. 
= which i 18 prefix'U. N. Natter 60 che rabll 
the Reverend . Deſaguliers, L L. D. 
„8. Adorned with Curs./In three Volumes 
, ates 
1, 3441.3  0921:98 viordur ol ene 
A Treatiſe of the Motion:of Mater and other 
Fluids ; with the Origin of F6untains or Springs, 
and the Cauſe of Winds. In which Treatiſe, 
the manner of L; | cting Rivers, 
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es re- 


oe 
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in order to make them 9 the making of 
Aqueducts for the Supply of Gentlemens Sears; 
the whole Art of — and making Jetts of 
Water! for Fountaàins; the manner how to 
portion the Strength of Pipes for conveying 
ut Water from any Height, are plainly — ; 
for from the Laws of HH, drofabicks, by above a Hun- 
iments. Written originally in 


ry-dred curious Exper: 
hi French,by the Learned M Maxriotte, Member of the 
b [Royal Academy At Paris; and tranſlated into Engl, 

with Several Annotations. for explaining the 
my doubtful Places, by J. T. Deſaguliers, M. A. 
ight F. R. S. Chaplain u l e N 


the Earl of Caen. 1 75 ce 
Ani- "44 Hh & * as + Fwy te, | 3 4s [1 
the 5 byfo-Mechantcal 1 on ve ak Sub- 
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the Fi 'Containing: an Account of ſeveral Sur- 
mal I *priling/Phanomena'touthing Light and Electricity, 
noſt | ptodacible on the Attrition of Bodies. With 
its f -many other remarkable Appearances, not before 
A- obſerved. Together with the Explanation. of all 
the the 'Machinss (the Fighres:of which are curiouſſy 
and WW engraved on Copper) and other Apparatus uſed 
er- in making the Experiments. To which is added 
are A Supplement contuining ſeveral New, Expert 
he- ments not in the; n leo — 
4 8 BF e ee en 
8. 84 ger odd Rl 3 N 2 1032 
la- The Elements of Baclid,- with ſelect Thearenis 
D. out of Archimedes, by that learned Jeſuit Andreu 
nes Tatquet./ To which are added, Practical Corol- 
0 laties; ſhewing the Uſes-of many of the Propoli- 
i tions. The whole abridged, and this third Edi- 
her tion publiſhed i Axl 8%. Price 4 5.6 4d 4 


£5, | 75-20 en v (8440 3 34 ut 
ſe, Aſtronomical LeSums: 7 = the publick 
15, Schools at ES ee in Latin 2 
in 


/ OS 
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nidgen * 8+ dani mam mei Bier 
* Uſe of 8 Pniverſity, 
now dme into 1 Price 6 . 
03 on nen O83 01H 81181640 1 T1 
Dir aac! -Newes' 3 Mathematical Philofopy 
. xaſily demonſtratsd;::864 Dr. Halley 8 W 
count of Comets illuſtrated. \ Being forty, * 
read in the Publick Schools at Cambridge; pu 
Jliſhed forthe Uſe of young Students there, = 
now done into Egli, With Corrections and Im- 
. che Aurhor, S Price 6 Og 


*% * 2 
N e WAS us * * 740 29261˙1 ! 


- Aftrodomical Pritcifies,. of Religion, natura 

— revealed, in Nine Parts. ILL Da g or the 
known Laws of Matter and Motion. II. A par: 
-ictlar Axcount of the Syſtem of the Haiverſe. 
-HE The Tiuth of chat Sy ſtem briefly demon- 
ſttated.. IV. Certain Obſervations drawn from 


. ya 


that Syſtem! V. Probable Conjectutes of, the 


Nature and Uſes of the ſevetal. Celeſtial Bodies 
contained in tlie ſame Syſtem; VI. Important 
Principles of: Natural. r demanftrated 
from 1 the::foregoin ee Obſertations. . VII. Impor- 
tant Principles ol ine Revelation, ;confirmed 
from tho fortgbing Conjectures VIII. Such hn- 
ferences ſhe wn to be the common Vdiee af Na- 
ture and Reaſ@n, from che Teſtimonies oſ the 
moſt conſiderable. Perſons in all Ages. IX. A 
Recapitulation ofthe, hole: With a large and 
_ ſerious Audieſs to all, eſperiallʒi the Sceptick 
and Dube Revers. of our Age zi together with a 
-Preface of the Temper of Mind neceſſary for the 
Diſcovety-of: Divine Truth, and the Degree of 
Evidence that dught to be expected iu Divine 
Mn . 9 * 15 75 ; 


An W el a Aae os Ry in the 
Air, March 6. 1715-16, at Night. . 
I. A Deſcription of the Meteor, from the Au- 
thor's own Obſervations. II. Some Hiſtorical 
| 1 Accounts 


Aren 7% 8 
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7. 
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an 
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the Son, 4prid, 2d. 1715, Containing, 
2 thas 


unts of 4 like Meteors 8 Wich Ex- 
tracts, from ſuch Letters and Accounts of this, 
as the, Author has receiv'd. III. The Principal 
a of this Meteor. IV. Conjectures 

for their Solution. V. Reaſons why our Solu- 
tions are ſo imperfect. VI. Inferences and Ob- 


ſetvations from the Premiſſes. Second Edition, 


$yo0, Price 17. r 2! mi „ 
{13 1 * 4 * * 


A Scheme * the ſolar Syſtem, 0 the Or- 
bits of the Planets and Comets belonging there- 
to, deſcribed from Dr. Holly's Accurate Table. 
of Comets, Philoſoph. Tranſa&tions Ne 297. 
— SFr n Sir A 8 $ wonderful Diſco- 

rice 16. 6 d. ya 
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F A Sr of the! great Eclipſe of ü the Sun; 

m z 2d. 1715, frem Mr. Hlamſtead s 2 
with rde Conſtructions thereof, for e 3pes 

ad Stockholm. Frice 6 dl. 


8 Acqonnt of the — A 
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rections for the Obſetvation of Ecli go? | 
2. The Principal Things to be obſerved at | 
Time. 3. A Celeſtial Map of the Planets — 
Fix d Stars then hear the Sun and Moon; and 
of toe Sun s Milky Way, which t. then be 
viſuble. 4. An exact Calculation of tEclipſe, 
ſtom dit {ſaze Newton's laſt ee to ys 
Thevry of che Moon. Price 1 5. 0 
99) "Theſe three laſt by . Ihiſton, "$4 AD 


The Paſſage of the Shadow of the Moon over 
England, in the Total Ecligle of rhe Sun, April 


22, 7 Price TEST 0 A De- 
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41 ET ofthe 8 32 of the Halb 

| * 0 was obſcrve{ 

in 1 55 la e Elite of of the Sun » April.74d, 

15 ö 10 the. Tranſit! tion of the Shade as'it 

als. ov er England, in the next great Eclipſe 

of th Map wil happen 4 Anno 472 00 Price 
„1586 two lat by Dr. Haley. 


50 l Geo ography in fx Maps. | 
1. 8 3 the Selle of Paradice, and te 
came inhabited by. the Patriarchs. | 
2. The Peopling of tlie World by t ts Sons of 
Noah, and the Jſraelires Journeying in the Wil- 
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